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PREFACE. 



All who haye not clocrely watched the progress 
of sewage purification in this country will doubt- 
less be surprised to learn that the sewage of about 
30 muDicipalities in the United States and Canada 
^ is now purified to a greater or less extent. 

Most of the sewage purification plants in use have 
been built within the last five yearo, and in the 
next fiye it is probable that a yet greater number 
will be erected. Hie subject of sewage purifica- 
tion being cbmparatiyely new, the domand for in- 
I formation relating to it is accordingly great, es- 

pecially for the facts regarding plants actually 
in operation. 
I To meet this demand, or more properly that part 

{■ directly relating to descriptions of plants in 

|, operation, th3 information contained in the 

following pages has been gathered, mainly 
by personal visits to the different works described, 
and correspondeiijee with the engineers who de- 
signed the plants or the officials now in charge 
of them. 

The descriptioQS are all reprinted from Engineer- 
ing News of the past year, after careful reyision 
and a classification by the system of purification 
employed. 

It is belieyed that the articles will be appreciated 
in their present compact form eyen by those who 
haye read them from week to week in Engineering 
News, while for those who haye not the files of that 
journal this is practically the only form in which 
the complete series of articles can be secured. 

Since the book was ready for publication, the 
articles haye been continued by a description of 
a plant located at Canton, O. (In issue of June 
1, 1893). The Canton works employ diemical pre- 
cipitation, using lime and sulphate of alumina and 
treating the sludge with a filter press. Seyeral 
other plants are being built or are projected with 
fair prospects of construction. 
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SKWAGB PURIFiOATION IN AMERldl. 



Introauctory. 

Among the many almost unworked fields of Amer- 
ican engineering sewage purification is one of the 
greatest. The reason for this is evident. Until quite 
recently only a few American cities, and those the 
larger ones, had even an approach to a complete 
sewerage system. As new systems were built so 
much emphasis was placed upon the i^boUtion of 
cesspools and similar nuisances that but few persons 
thought of the unsanitary conditions which would in 
many cases be caused by discharging the sewage of 
thousands of peo^e into a stream or body of water. 
If only the sewage could be conyeyed away from 
the premises of individuals and out of the town or to 
the outskirts of the town, even though discharged 
into a stream within the town limits, the majority of 
the people were satisfied. 

The "self-purification of rivers" theory, or fallacy, 
tended to set at ease the minds of those few who 
raised the question whether the watera receiving 
sewage would not finally become fouled. 

The work of the various River Pollution Commis- 
sions of England and similar work performed in 
Europe in later years, together with the develop- 
ment and gradual acceptance of the germ theory of 
disease, finally directed the attention of American 
sanitarians to the subject of the purification of sew- 
age before its final discharge into natural bodies of 
water. The Massachusetts Legislature and State 
Board of Health, a few other State Boards, tne 
Annerican Public Health Association and a few 
sanitary engineers have in late years been doing r 



Uluch educative work. This educative work, 
coupled with the rapid pollution of streams and 
similar factors w^hich have prompted it, has re- 
sulted in the adoption of some form of sewage 
purification in about 30 towns in the United States^ 
and many more commmiitics are discussing the 
subject. 

The progress of sewage purification has been 
greatly retarded by the desire to find some method 
which would make a commercial success of the 
process. While such a result is highly desirable and 
Its desire very creditable, attempts to secure it have 
not yet met with the success they have seemed to 
t)romise. Consequently some engineers and muni- 
cipal officers dismiss the v^ole subject of s6wagt> 
t>urificiLtion by saying, in effect, that no process has 
yet beeh dcivised which will pay its Way, thus put- 
ting finahciiLl before sanitary considerations. 

While seWiLge putification has been retarded as 
just stated, the same or a similar cause, apparently, 
has forwarded its progress in the West, where the 
demand for every available drop of water for irri- 
gation has already led to the use of the sewage lor 
irrigation in at least ten localities, as described In 
detail in this volume. 

The evident demand and need for knowledge on 
this subject, both among engineers and the general 
public, and especially the relation between sewago- 
poUuted streams, water supplies and disease, havt- 
led us to undertake a thorough investigation and 
description of all Ihat has yet been done in the 
way of town sewage purification in this country. 

All of the town sewage purification plants known 
to be in operation, or ready for operation on April 
1, 1893, are included in the following pages. Tho 
plants which had been previouisly described in En- 
gineering News are less fully described than the 
others, the aim having been in such cases to bring 
the information down to date, with as little repeti- 
tion as possible. 
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Nearly all of the purification works in the East 
have been visited by the writer during the prepara- 
tion of these articles and the information regard- 
ing the other works has most of it been furnished 
by the engineers who designed them or the person « 
now in charge of them. 

Purification in the Drainage Area of the Boston 

Water-Works. 

The efforts of Boston to prevent the pollution of 
the city water supply, coupled with the authority 
of the Massachusetts State Board of Health and the 
co-operation of the town and its efficient sewerag(» 
committee have resulted in the establishment 
of a sewage purification plant at South 
Framingham, which is one of the most successful 
in the country and compares favoraibly with any 
in existence elsewhere. In addition a second plant 
has been built, at Marlborough, and others are pro- 
l)osed, all to divert or purify sewage which natur- 
ally would have polluted the water supply of Bos* 
ton. Toward the cost of each of these plants 
Boston has contributed largely, or offered to, al- 

j though under no legal obligation to do so. In addi-. 

tion the city has for some years treated chemically 
the sewage of several tanneries in the Mystic 
River drainage area. 

j As early as 1879 Mr. Desmond Fitz Grerald, M. 

Am. Soc. O. E., of the Boston water-works, to whose 
reports we are indebted for some of this information, 
began to urge the importance of excluding sewage 
from the sources of the water supply of Boston. 
Mr. Fitz Gerald made numerous reports on the sub- 
ject, and after several years the water board was 
enabled by energetic action in the courts to carry 
out his plans and suggestions. 

From the start an effort was made to exclude 
sewage from the streams tributary to the main 
sources of supply. Several times the city was 
biet^ten ip the lower courts, but finally tl^e State Slq- 



preme Court rendered a decision which established 
the city's power to prevent the direct contamination 
o^* its water supply by turning sewage into it. The 
decision was rendered in the **Case of Augustus P. 
Martin, Mayor of Boston, vs. Luther Ellis Gleason," 
the mayor of Boston having applied for an injunc- 
tion to prevent Mr. Gleason from discharging the 
sewage from a hotel in Natick directly into Pegan 
Brook, which brook empties into Lake Cochituate, 
one of the sources of the Boston water supply. 

The case is so important in sanitary history that 
some space may be profitably devoted to it here, tilie 
citations being from the report of the Boston Water 
Board for the year ending April 30, 1885. 

In 184G the legislature authorized Boston to take, 
hold and convey to, into and through said city the 
water of Long Pond, so called (now Lake Oochitu- 
ate), in the towns of Natick, Wayland and Fram- 
ingham, and the waters which may flow Into and 
from the same, and any other ponds and streams 
within the distance of four miles from said Long 
Pond, and any water rights connected therewith. 

The decision, somewhat abbreviated, is as follows: 

Tlie city of Boston was authorized by Section 1 of 
that statute to take the water of Long Pond, and the 
waters which may flow into and from the same, and 
any other ponds and streams within the distance of 
four miles from said Long Pond, and any water rights 
connected therewith, so far as may be necessary for 
the preservation and purity of the same, for the pur- 
pose of furnishing a supply of pure water for the said 
city of Boston. Tlhis declared purpose relates back 
and illustrates the extent of the authority conferred. 
Water-rights may be taken so far as may be necessary 
for the preservation and purity of the water. The 
words "and any water-rights connected therewith" are 
not limited to the Immediate antecedent, namely, the 
"other ponds and streams" there referred to, but they 
also include Long Pond Itself, and the waters which 
may flow into and from the same. It was designed to 
give a broad and comprehensive authority, for th* 
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purpose of furnishing a supply of pure water for the 
city, and to confer the power to take everything in- 
cluded within the meaning of the antecedent words, 
so far as might be necessary for the preservation and 
purity of the water. Section 15, imposing a penalty for 
wantonly or maliciously diverting the water, or any 
part thereof, of any of the ponds, streams or water- 
sources which shall be taken by the city, or corrupting 
the same, rendering it impure, confirms this view. 
Under this authority, the city might lawfully take 
any water-rights connected with the waters flowing 
Into Long Pond, including the prescriptive rights which 
the plaintiff contends that he then had to discharge 
sewage into Pegan Brook. It appears that this brook 
is and always has been a feeder of Long Pond; and 
that the whole of it is within four miles of the pond. 
A prescriptive right to foul the waters of a stream is 
included under the term * 'water-lights.*' This, indeed, 
is asserted by the defendant in his answer. It Is a 
right in respect to the water of the stream; and the 
statute conferred power to take all water-rights which 
might interfere with the purity of* the waters taken. 
It is contended for the defendant thkt, if it was neces- 
sary to preserve the brook or the ptirity of the water, 
power was granted to the city to take the land on each 
side of Ihe brook, and thus cut off any use either of 
it or of its waters, and, indeed, that the water-rights 
could not be taken separately from the land. But it 
does not appear to us to be necessary, even if it was 
competent, for the city to take the land on the sides of 
the brook in order to extinguish any prescriptive right 
to foul the water of it. 

Assuming that tl^e defendant had such prescriptive 
right, it is further contended that \,he city did not take 
it, but that the taking of the waters of the brooks and 
streams entering into Long Pond only appropriated the 
water as it flowed into the pond at the time of the 
taking, and subject to all legal burdens and uses then 
existing. This, however. Is too narrow a construction 
of the description of what* was taken. The city, after 
reciting th^ whole of the flrst section of the statutes, 
took all the waters of Long Pond "and other brooks 
and streams, whether permanent or temporary, enter- 
ing into the same,*' "and all the water-rights there- 
ifnto belonginjgf or in any wise appertaining, for t^e 
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sole use and benefit of said city." This language does 
not exactly follow the language of tlie statute; but we 
cannot doubt that it is broad enough to include Pegan 
Brook, and the taking of "all water-rights thereunto 
belonging or in any wise appertaining " includes any 
right then existing to foul its waters. It is urged, by 
way of illustration, that, if a mill existed on the brook, 
the right to use the mill was not taken. But it is not 
necessary to consider that question here. It does not 
appear that there was any mill on the brook. If there 
was, the use of the water for turning its wheels m^ht 
not foul the water, and might therefore be consistent 
with the purposes and rights of the city. But the right 
to use the brook as a discharge for sewage in large 
quantities, as practiced by the defendant, is Iniou- 
sistent with such purpose. If, therefore, the defendant 
had any such prescriptive right to foul the water of 
Pegan Brook, as he claimed, such right was taken and 
extinguished by the act of the city under the Statute 
of 1846; and by Section 6 of that act the city was 
liable to pay all damages sustained thereby. The de- 
fendant, if he sustained damage, might have applied by 
petition for the assessment thereof at any time within 
three years from such taking. This remedy was the 
exclusive one. 

It was not seriously contended in the argument that 
the defendant has acquired a prescriptive right to foul 
the waters since the taking by the city in 1846. Such 
prescriptive right could not be acquired, because the 
fouling of the water, since the right to foul it ceased, 
would be a public nuisance. (Morton vs. Moore, 15 
Gray, 576. Brookline vs. Mackintosh, 133 Mass., 125, 
226.) 

Finally, it was contended for the defendant that, by 
reason of constructions erected by the city at the 
mouth of the brook, since the taking in 1846, the waters 
of Pegan Brook do not, in fact, contaminate the water 
of the pond, and that, therefore, the city is not Injured. 
It appears, however, as a fact, that the water of the 
brook is contaminated by the acts of the defendant. The 
city has a right to be protected against the necessity 
of maintaining works for the preservation of the pur- 
ity of the water from such a cause. If the acts of 
the defendant in fouling the stream have made it neces- 
sary for the city to resort to extraordinary means for 



pceserviuB the pnrltr oT the water of the pond, ii« 
cannnt Justify the contlnoance of such llleg«l fouling 
b; showing that the city has thna far been able, by 
the mainleuaace of special works, to prpvent th» nat- 
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tematic campaign for stopping the pollution of the 
water supply, compelling individuals to find some 
other means of disposing of their wastes than dis- 
charging them into streams conveniently near. Prob- 
ably the pressure thus brought to bear upon indivi- 
duals has hastened the adoption of sewerage systems 
in some of the towns in the drainage area of the 
Boston water supply. As no town or city in Massa- 
chusetts can now construct a sewerage system with- 
out the approval of the State Board of Health of its 
plan for disposal, and as the Boston Water Board 
has offered to help pay for sewage purification plants 
whenever these towns would put them in, we find, 
as has been stated, that first South Framingham and 
then Marlboro constructed well designed sewage 
purification plants, while other towns are taking 
steps in that direction. 

The relation of the towns named to the Sudbury 
and Oochituate gathering areas of Boston's water 
supply can be seen by referring to the accompanying 
map, Fig. 1. 

The total population of each "town" or township 
wholly or partially included in the drainage area are 
given on the map. These populations include both 
the village and rural inhabitants, and, as is evident 
from the map, are not all on the drainage areas, 
Northborough, for instance, having only a small part 
ef its area coincident with the drainage area in ques- 
tion. But while the "towns'* of Marlboro, Framing- 
ham and Natick are largely outside this area, their 
more densely inhabited portions are within it. 

The sewage of South Framingbam and Marlboro 
has been entirely removed from the feeders of the 
Sudbury Kiver, as that of Westboro will also be. 
The total population of these towns is about 28,000, 
and the principal villages within their limits are also 
in the Boston water supply area. 

Already, according to the reports of the officials 
of the Boston water-works, there is a marked im- 
provement in the character of the water supply from 
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this area. When Natick, whose- sewage with more 
or less directness, contaminates Pegan Brook, tribu- 
tary to Lake Cochituate, constructs a sewerage sys- 
tem which removes its sewage, and when SOuthboro 
and Westboro take similar steps all the grosser im- 
purities will be i-emoved from this drainage area. 

The State Board of Health and the Boston Water 
Board obtained the passage by the 1890 legislature 
of a law whereby the State Board of Health has 
authority to prohibit the depositing of manure, ex- 
crement, garbage, sewage or any other polluting mat- 
ter within 100 ft. of the high water mark of any 
stream or body of water used as a source of water 
supply. Massachusetts is now and for some lime, 
if not always, has been far in advance of any other 
state in the Union in its sanitary regulations of 
water supply and sewerage systems. 



INTERMITTEiNT FILTRATION. 

South Framingham, Mass. 

The best example of intermittent downward filtra- 
tion combined with broad irrigation as used for tne 
purification of the sewage of a town in this country 
is to be found in South Framingham, Mass. Al- 
though this plant was not put in. operation until 
the fall of 1889, it i« the oldest of its kind in Massa- 
chusetts, where the greatest attention has been 
paid to sewage purification. A small intermitteai 
filtratiiJn system at Medfield, Mass., was put in 
operation late in 1886 or early in 1887, but broad 
irrigation is not used there. 

The steps which led up to sewage purification at 
South Framingham are interesting. As was stated 
in the preceding section, Boston was influential 
in the establishment of this plant, it having taken ^e 
water of the adjacent rivers and ponds to increase 
its supply in 1878, directly after which efforts were 
made to secure the exclusion of sewage from its new 
water supply. 

This agitation on the part of Boston and other lo- 
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calitiefii interested in the general subject of abating 
nuisances caused by the sewage of towns led to the 
appointment in 1884 of a State Drainage Commis- 
sion to investigate methods of sewage disposal and 
the protection of the water supplies where needed. 
Mr. E. C. Clarke, M. Am. Soc. C. E., was engineer 
of the commission, which recommended that South 
Framingham and Natick construct a joint system, 
purifying the sewage about as it is now done at 
South Framingham and as proposed at Natick. 
!ilessrs. J. P. Davis and Rudolph Heriug, M's. Am. 
Soc. C. E., indorsed the recommendations of Mr. 
Clarke. In January, 1887, Mr. H. H. Carter, M. 
Am. Soc. C. E., reported to the Boston Water Board 
also recommending land filtration as the best means 
of purifying the sewage of South Framingham. 

In 1885 the Framingham Water Co. introduced a 
public water supply, increasing the need of sanitary 
improvement. In the same year, 1885, Boston in- 
stituted a suit against the town of Framingham, of 
which South Framingham is the principal village, for 
the abatement of the pollution of the former's water 
supply. 

Without following out the further details of the 
movement, it may be said that Boston finally offered 
to contribute $25,000 toward the removal of sewage 
from its drainage area, provided Framingham car- 
ried out the plans which were finally adopted as out- 
lined below. The town employed Mr. S. C. Heald, 
M. Am. Soc. C. E., of Worcester, Mass., as engineer 
of the system. Mr. Heald' s plans were approved by 
Mr. Phineas Ball, C. E., also of Worcester. The 
construction of the plant was under the direction of 
Mr. J. J. Van Valkenburg, C. E., of South Framing- 
ham. The plant was put in operation in the fall of 
1889. 

Before describing the disposal area some facts may 
be given regarding other parts of the system. 

The village of South Framingham is located in 
the town of Framingham. The population of the 
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whole town in 1890 was 9.239, of which 6,000 may 
have been resident in the village. The separate sys- 
tem of sewers is in use. Feb. 29, 1892, there were 
connected with the sewerage system 268 buildings, 
of which 236 were dwellings and 32 business blocks 
and manufactories. A year later the total num- 
ber of sewer connections had increased to 490, of 
which 39 were hotels and business blocks. 

The main sewer leading from and out of the vil- 
lage to the receiving reservoirs at the pumping sta- 
tion is oval shaped, of brick, 24 x 36 'ins. 

The volume to be treated is materially reduced 
by underdrains laid in connection with about 
half of the sewers. In the spring of 1891 these 
drains discharged from 200,000 to 500,000 gallons 
of water daily, much of which would have found its 
way into the sewers otherwise, necessitating pump- 
ing and purification. The underdrains were laid in a 
bed of gravel placed beneath the sewer, with their 
flow lines 8 to 12 Ins. beneath that of the sewer. 
The underdrainage discharges into Beaver Dam 
Brook, about 2^ miles from the point where the 
latter flows into Lake Oochiti^ate. The city of Bos- 
ton objected to this underdrain and refused to pay 
the $25,000 toward the cost of the system, claiming 
that it was not Included in the original plans, and 
that leakage from the sewer would enter the drain 
and contaminate Boston's water supply. To Jan. 1, 
1892, the amount had not been paid. The State 
Board of Health on Sept. 2, 1890, reported that an 
analysis of the water had been made before the 
sewers were put in use in the fall of 1889, and each 
month since January, 1890. The water from the 
drain had not been worse, on the whole, since the 
sewers were put in operation. But the board con- 
cluded that Boston's water supply would be better if 
the underdrain did not discharge into Beaver Dam 
Brook, and advised that the town of Framingham 
and the city of Boston co-operate in pumping the 
water to the filtering area. 
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The arrangement ami dimexusionis of the gatehou^, 
reservoirs and pumping station are shown by Fig. 2, 
which gives a plan of them and a section through 
the reservoirs. 

Screens were put in to remove some of the coarser 
matter from the sewage near the beginning of 1892. 

The combined capacity of the reservoirs is 431,000 
gallons. The reservoirs are ventilated by connecting 
them with the chimney, as shown by the plan. June 
17, 1892, the writer visited this pumping station. 
The day was very warm, but no odor was noticei^ble 
about the reservoirs or buildings. 

The pumping engine is a Davidson compound 
duplex condensing, guaranteed to deliver 2,000,000 
gallons of sewage per day through 9,000 ft. of 12-in. 
pipe against a total head of 40 ft., not including fri^* 
tion. 

The pumps are run each forenoon until the reser- 
voirs are empty. June 17, 1892, about 200,000 gal- 
lons of sewage were pumped. The average daily 
pumpage was said to be about 250,000 gallons. 

There are two horizontal tubular steel boilers, each 
4 ft. X 13 ft. 2 ins., with 52 3-ln. tubes. 

The force main is of 12-in. cast iron, 9,740 ft. long 
to the first manhole, where it ends. From this man- 
hole 2,000 ft. of Akron pipe, first 15 ins. in diameter, 
then 12 and 10 ins., is laid at a grade of 1 ft. in 
1,000 across the disposal area. The highest ground 
on the farm is 44.2 ft. above the bottom of the 
reservoir and 27.2 ft. above the valves of the pump. 
The force main is laid to a grade so that its whole 
length may be drained back into the reservoir. 

Along the line of the force main eleven 6-in. 
plugged branches were placed from which sewage 
could be drawn by those who wished to use it as a 
fertilizer. So far, or to June, 1892, no one had 
availed himself of this opportunity. 

The location of the filter beds and irrigation field 
and of the other parts of the system is shown by 
Fig. 3. This map also shows the limits of the 
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Beaver Dam Brook district of the Boston water 
supply. The disposal area, it will be seen, Jies en- 
tirely outside this district. 

There are 14 hexagonal manholes on the line of 
the pipe at the sewage farm. Generally there are 
four 8-in. regulating gates in the sides of the man- 
holes, 1 ft. above the land which they are intended 
to serve. 

The farm contains a little over 69 acres, about 12 
acres of which has been laid out in eleven beds, as 
shown on the map, for intermittent downward filtra- 
tion. About two-thirds of the entire area was for- 
merly wooded. The timber was cut from most of 
the area but has been left standing on some of it. 
The soil is said to be very good for filtration. 

The beds for intermittent filtration are formed 
by banks about 3 ft. high, 4 ft. broad at the top, 
with slopes of 11^ to 1. The bank containing tlie 
main pipe is somewhat higher in places. A ditcJi 
extends around some of the beds from which chan- 
nels 9 ins. deep and 18 ins. wide extend and carry 
the sewage. 

Six of the beds have a 6-in. underdrain laid 6 ft. 
deep, extending from near their centers to natural 
depressions or channels in the farm. 

Broad irrigation has been practiced on the irriga- 
tion fields since the system was put in operation, but 
without any regularity. No attempt has been made 
to raise anything but grass on the fields, but in 
1892 there were raised 400 bushels of corn (prob- 
ably in the ear), three-fourths of an acre of po- 
tatoes and some squashes, all on the filter beds, 
which products were sold for $174. 

All the sewage, except the larger particles screened 
out this year, goes to the disposal area, there being 
no settling tanks for the removal of the sludge. The 
surface of the uncultivated filter beds has never been 
touched for the purpose of working in any sludge 
which might have accumulated at the surface. 

There has been no trouble with the filter beds dur- 
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iug cold ypather, and two winters hare already 

passed since the system was put in operation. .The 

sewage, it is said, creeps under the snow so that its 

presence would not bie known so far as the eye is 

concerned. 

As has been stated, the South Framiugham plant 

was visited on a hot June day. There was quite a 

breeze. No odor was noticed on the broad irrigation 

area and only a faint odor on those beds which were 

at the time being treated with sewage. Nothing 

connected with Ihe plant was in any manner offen- 
sive. 

The effluent, or filtered serwage, was very olear and 
quite cool. A couple of mouthfuls of it were suffi- 
cient to quench the writer's thirst, but had the 
source of the water not been known a glass of it 
would have been taken with pleasure. 

The following table of analyses has 'been kindly 
furnished by Mr. F. P. Stearns, M. Am. Soc. 0. B., 
Chief Engineer of the Massachusetts State Boaird 
of Health: . .; ,« ! g 

Analyses of Sewage, Sewage Effluent and Unpolluted 
Ground Water from the Sewage Field at South 
Framingham, Mass. Parts in 100,000. 

Total 
residue 

on evap- Ammonia. 

Color, oration. Free. Albuminoid. 

Sewage 0.70 28.30 1.7898 .3750 

Sewage effluent at 

underdrains. . . . 0.00 19.4r> .0335 .0039 

Sewage effluent at 

spring 0.00 7.23 .0000 .0029 

Unpolluted ground 
water 0.00 4.70 .0000 .0008 

Nitrogen as 
Clilorine. Nitrates. Nitrites. 

Sewage 4.07 .0080 .0001 

Sewage effluent at under- 
drains 2.56 .6018 .OOOt? 

Sewage effluent at spring 1.77 .2350 .0000 

Unpolluted ground water 0.20 .OOa*? .0000 



Mr. Steams' comments on these figures and the 
work of the disposal area as follows: 
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"In each case the analyses are the averages of seT* 
eral determinations. They represent, first, the sewage 
as It flows out of the carrier upon the beds; second, 
the effluent flowing from nnderdrains beneath certain 
of the beds, which afterward soaks into the ground 
and is filtered a seciind time before reaching the brook 
into which the efllutfnt finally passes; third, the water 
of a spring located near the brook, which deriyes its 
supply to u large extent from the sewage eflluent and 
represents the genenil character of the eflluent when, 
it reaches the brook; and, fourth, the unpolluted water 
from a flowing well near by. 

"The efllciency of sewage filtration from a chemical 

standpoint is best Indicavcd by the extent to which 

the nitrogen of the free and albuminoid ammonia Is 

converted into nitrates. If, for the sake of clearness, 

we take these determinations from the table, we have 

the following, in parts per 100.000: 

Free Albuminoid 

ammonia. ammonia. Nitrates. 

Sewage 1.7893 .3750 .0080 

Sewage effluent at 

underdrains 0335 .0039 .6018 

Sewage effluent at 

spring 0000 .0029 .2350 

Unpolluted ground 

water 0000 .0080 .0083 

"Only a small part of the sewage effluent comes out 
at the underdrains and you will notice that this is 
purified to such an extent that there is only 2% of free 
ammonia and 1% of albuminoid ammonia remaining, 
while the nitrates have increased greatly. At the 
spring the free ammonia is entirely removed and the 
albuminoid ammonia is less than one per cent, of that 

in the sewage. On one occasion :ni analysis of the 
spring water showed that it contained neither free nor 
albuminoid ammonia, while the excess of chlorine and 
nitrates over the amount found in the unpolluted 
flrround water* as shown in the last line, proves without 
doubt that this spring contains a large proportion of 
sewage effluent. 

"Bacterial examinations of the sewage and of effluent 
collected from the spring show that nearly, if not all. 
bacteria are removed by filtration. 

"The effluent from this sewage field flows into a small 
brook and althougl^ the works have been in operatioi} 
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.more than two years the discharge of the effluent Into 
this brook has not produced any noticeable effect." 

The original cost of the whole sewerage syatem, 
as described, but with about five instead of six 
miles of sewers, was about $145,000. The prelimi- 
iiary estimate of cost was $140,000. The cost of 
the purification works is not given separately in the 
reports. The total cost of labor, fuel, improvements 
and repairs for the whole system in 1891 was about 
$6,500, of which $656 was for fuel and $3,990 for 
labor and services. 

The Effect of Snow and Frost Upon the Filter Beds 
at South Framingham, Mass. 

One of the most serious drawbacks in connection 
with the purification of sewage by iutermitteut 
downward filtration through unprotected sand beds, 
or by broad irrigiition, is the trouble which is some- 
times causeil by frost in cold climates. 

During the cold weather of January, 1893, some 
observations of the effect of frost on filter beds 
were made by the sewer commissioners at the sug- 
gestion of Mr. Allen Hazeu, Chemist of the Law- 
rence Experiment Station of the State Boar;d of 
Health. The results of tihese obsei'vations were 
published in the Framingham "Grazette," from 
which the following has been abstracted: 

A filter bed with an area of seven-eighths of an 
iicre received no scwajjre from some time in Sei>- 
tember until .Tan. i). On this date there were 18 
ins. of frost in the bed and 10 ins. of snow upon 
it, the thermometer reaching 0° F. below zero. On 
Jan. 9, 3(X),000 gallons of sewage were applied to 
the bt^l, and on Jan. 10, ir)').000 gallons. It is said 
tlmt the t'ftiuent appeared in the underdrain in six 
hours afttM' the application of the sewage. On Jan. 
11 the frost was entirely ont of the bed in places, 
and on Jan. 12 it was nearly all gone and the sew- 
age had all disappeared. The temperature of the 
sewage was 50° F. 
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On Jan. 16, 17 and 18 observations were made 
on another bed, with an area of one acre. The 
frost in this bed was from 20 to 30 ins. deep, and 
there was 15 ins. of snow upon it. On Jan. 16 the 
thermometer was 6°, on Jan. 17, 20°, and on Jan. 
18, 4° F. below zero. On Jan. 16, 500,000 gallons 
of sewage, at a temperature of 49° F., were 
pumped upon this bed, and on Jan. 17, 175,000 gal- 
lons. The underdrain started in seven hours after 
beginning the application of sewage. On Jan. 18, 
the frost had gone in places, and on Jan. 19 nearly 
all of the frost had disappeared, and the sewagtj 
had entirely disappeared. 

The accompanying view, Fig. 77, shows one of 
the sewage filter beds at South Framingham, 
Mass., covered with snow and ice. The bed has 
an area of about % acres. It received no sewage 
from the middle of October, 1892, until Feb. 12, 
1893. On the latter date there was from 30 to 36 
ins. of frost in the ground and 30 ins. of snow on 
top of it. From Feb. 12 to March 1, when the 
view was taken, about 50,000 gallons of sewage 
per day was applied to the bed, going beneath the 
snow, as can be seen in Fig. 77. 

The results of these observations appear to show 
that where an unusually large volume of sewage 
can be applied to a filter bed in a short time tne 
sewage will pass through the bed, even in ex- 
tremely cold weather. 

At the South Framingham pumping station the 
underground reservoir provides storage for about 
430,000 gallons of sewage, which, with the sewage 
delivered during pumping, would allow the applica- 
tion of 500,000 gallons of sewage to one bed in 
about six hours. This amount of sewage was ap- 
plied to one of the beds, with an area of one acre, m 
one day, and 175,0(.K) gallons additional on the fol- 
lowing day. The application of so large a volume 
of sewage at a tempeastture of about 50° F. in so 
short a time was certainly favorable to the passage 
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of the sewage, but tbe presence of 15 ins. of snow 
was decidedly unfavorable. It seems likely that 
the sewage found its way Uioder the snow upon the 
bed without being much chilled, as previous reports 
state that the sewage at South Pramingham cpm- 
mooly creeps under the snow, so that the beds ap- 
pear to be covered with snow, only, and to have no 
sewage upon them. In the above experiments much 
of the sewage doubtless went down hi spots, ana 
all of it may have passed through the beds with 
only a very partial puriifioatiofi. 

In the last report of the Massachusetts State 
Board of Health, Mr. Allen Hazen states that, as 
the results of experiments at Lawrence, it has been 
found that "frost checks both purification and nitri- 
fication, although the removal of organic matter i« 
more complete than the oxidation of ammonia.** 

In winter, especially where sewage effluents are 
not discharged into water used for domestic pur- 
poses, a high degree of purification is obviously of 
less importance than in summer. 

Mr. John H. Goodell is Chairman of the South 
Framingham Sewer Committee, and we are In- 
debted to him and to Mr. F. P. Steams, M. Am. 
Soc. C. E., for courtesies in connection with tUe 
above information. 

Marlborough, Mass. 

As explained under the South Framingham works 
Boston was largely influential in securing the in- 
troduction of a sewage purification system at Marl 
borough, and it may be added that it agreed to pay 
$62,000 toward the expense of the system, which, 
we understand, was the estimated extra cost for thr- 
sewage disposal plant. As shown by the map of 
this system, Fig. 4,* the sewage is now entirely re> 
moved from the drainage area of the Boston water- 
works. A separate system of sewerage is in use at 

 Figs. 4 to 12, inclusive, are on the accompanying 
Insot sheet. 
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Marlborough, with downward intermittent filtra- 
tion for purification, as at South 'Framingham ami 
at Ganhier. On June 23, 1892, there were about 
350 sewer connections. To the close of 1891 there 
were about 50 sewer connections only. New connec- 
tions are made at the rate of about five a day. 
As the total number of water connections at the 
close of 1890 was 1,794, and the population of the 
town in 1890 was 13,805, it is evident that at pres- 
ent the amount of sewage to be purified is small 
compared with what it will be in the future. 

The town introduced >vater-works in 1883, and 
the consumption of water in the early part of this 
year was about 325,000 gallons a day, but at 4:30 
p. m., May 12, 1892, after a dry spell, the flow 
through the outlet sewer was at the rate of 330,000 
gallons a day, and on May 25, 1892, at 9 a. m., 
after heavy rains, the rate of flow was 790,000 gal- 
lons a day. The measurements on each date were 
made by observing the time taken to fill the separat- 
ing tank once. 

Ground water, of course, is the only explanation 
for this large flow through the sewers, for, as has 
been stated, not more than one-fifth of the water 
consumers are connected with sewers. Unfortu- 
nately, Marlborough is not the only town where an 
excessive amount of ground water finds its way into 
tlie sewers. Where sewage purification is attempted 
or the sewage is pumped, this is a serious and ex- 
pensive trouble. The city of Boston would not al- 
low Marlborough to put in underdrains because it 
feared that sewage would pass through defective 
sewer joints, and into the drains, and thus.' finally 
into the Boston water supply. If the underdrains- 
eould not be discharged into uAturtal water courses 
tributary to the Boston water supply, then the 
ground water might as well work into the sewers, 
as it now does. 

Mr. M. M. Tidd, M. Am. Soc., O. E., of Boston. 
Mass., was the en^niueer, with Mr. Fred. Coffin, 
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C. B., as priiKjipal assistant of the system. Mr. 
Desmond Fitz Geinald, M. Am. Sac. O. B., repit.- 
sented the city of Bo8tx>u. The construction of the 
plant was in charge of Mr. B. R. Felton, C. B., as 
resident engineer for Mr. Tidd. Since March, 1892, 
Mr. Felton has been city engineer of Marlborough. 

The sewage filtration beds are located about two 
miles, in an air line, from the outskirts of the vil- 
lage, and some 3% miles from the last house con- 
nection, measured on the pipe line. The nearesi 
house is about 1,000 ft. from the beds. There arc 
two other houses about 1,500 ft. away, and no moro 
>vithiu about a mile. 

The sewage passes from the village to the dis- 
posal area, through the outlet sewer mentioned, 
which is of vitrified pipe. A separating or settling 
tank removes the sludge from the sewage, after 
which the sewage passes through iron pipes to the 
several filter beds, of which there are now 14 in 
u§e, besides the six small beds used for emptying 
the sludge. 

• The arrangement and details of the purification 
plant are shown by the accompanying drawings, 
kindly furnished by the engineer. Fig. 5, on the 
inset sheet, is a plan of the filter beds. Only 20 of 
these, including the 6 sludge beds, were in use in 
June, 1892, but 51 beds are proposed. The 14 filter 
beds now in use, wdth their dividing embankments, 
cover about 13 acres. In the whole tract bought by 
the city there are 60 acres. 

The separating or sludge tank is shown in plan 
and section by Fig. 6. It is of brick, in two com- 
partments, with gates permitting sewage to be ad- 
mitted to or drawn from either one at will. 

The course of the sewage in passing through tho 
tank is shown by the drawings. The screens per- 
form only a slight service, as most of the solid 
matter settles before the sewage reaches the screenh. 

The sludge can be removed from either tank to 
the sludge carrier, by opening the cleaning-out gate. 
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The floor over the tanks is formed by iron gratinga 
supported by I beams, 3^ ft. c. to c. 

The character of the 24-in. influent gates, and ihe 
18-in. gate, which controls the passage of sewage 
directly to the beds, through the pipe on the par- 
tition wall, are shown by the 18-in. lift-gate in Fig. 
7. There is also shown in Fig. 8 an 18-in. swing- 
ing gate, which is apparently used at the effluent 
end of the tank. 

Fig. 9 shows, in detail, the screen used in the 
separating tank. 

The sewage passes from the top of the tank 
through iron pipes along the embankments to the 
several beds, and discharges onto the beds through 
gates and short branches, the bed at the point ot 
discharge being paved, all as shown in Figs. 10 and 
11. Fig. 10 gives a plan and section of the outlet 
to the beds, and Fig. 11 shows the two-way 10-in. 
vertical gates used. A single gate constructed on 
the same principle as the two-way, is used where 
only one gate is needed. 

The sludge passes through the cleaning-out gate, 
already mentioned, to the sludge carrier, shown in 
detail in Fig. 12. 

Sludge was first removed from the tank in April, 
1892. It remained upon one of the beds for a 
month, instead of being speedily removed, and be- 
came offensive. A farmer drew it away for it. . On 
May 25 the sludge was removed from the tank the 
second time, and on June 11 the third time, in each 
<'ase a farmer hauling it from the bed for it. The 
tank filled full, or nearly full, of sludge, each of the 
last two times. 

The crust that forms on top of the filter beds, con- 
sisting of minute particles of matter suspended In 
the sewage, is harrowed in from time to time. 

The effluent from the biwis discharges through 
underdrains into Hop and Wash Brooks, which 
empty into the Sudbury River. These beds were 
visited June 17, 1892, at which time thoy seemed to 
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be doing good ^ork, and presented no unpleasant 
features. A strong breeze was blowing over the 
beds, but at their windward side only a slight odor 
was noticed. 

The cost of the tank, tank house, filter beds, and 
all appurteuances, including engineering and exclud- 
ing land, was $21,720. The outlet sewer was car- 
ried 2^ miles further than it would have been, had 
not sewage purification been adopted. The total ex- 
tra cost caused by the construction of this extra 
pipe line, and the filtration beds and appurtenances, 
was about $62,000, which was met by the city of 
Boston as a return for removing sewage from its 

water supply. 

Summit, N. J. 

The township of Summit, N. J., is situated 20 
miles from New York on the Delaware, Lacka- 
wanna & Western R. R. The population of the 
township in 1890 was 3,502, against 1,910 in 1880. 
A public water supply was introduced in 1889 by 
the Summit Water Co. 

A sewerage system was put in operation in 
1892, the sewage being purified by intermittent 
downward filtration before passing into the Pas- 
saic River. The sewage filter beds were put in 
operation on Aug. 2, 1892, when there were seven 
miles of sewers. 

Dec. 1, 1892, there were nine miles of sewers, 180 
house connections, 20 flush tanks and 168 man- 
holes, all ventiltfited. The separate system is used. 

About 1% miles of sub surface drains were laid 
where the sewers are in cuts. They discharge 
into the sewers, the underdrainage being estimated 
at 20,000 gallons per day. 

The filter beds are located about a mile from 
the village, within the township limits. One end 
of the disposal area borders on the Passaic River, 
as shown in the plan. Fig. 45. The township owns 
26 acres of land, only ten acres of which have been 
laid out in beds. J>educting the area occupied 
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\)y embankments and a road there nre jlboiit eight 
acres of land available for filtration. There are 
only a few scattered houses in the vicinity and 
those are at some distance from the beds. 

The sewerage system was designed by Mr. Carrol 
Ph. Bassett, M. Am. Soc. C. E. We are indebted to 
Mr. Bassett for the illustrations and for some of 
the information given herewith. Mr. Jas. H. Kel- 
ley, Treasurer of the Township Committee, is now 
in charge of the system, including the beds, and has 
furnished information regarding it. At present 
two men are employed at the beds at a monthly 
<'3ipense of about $50. 

Mr. Bassett states that a design was made for 
the mechanical ' straining of the sewage before 
it passed to the filter beds, which was to be effected 
by upward filtration through vats. This feature, 
he adds, will not be introduced for several years, 
or at least until a much increased flow of sewage 
is received at the beds. 

A public road passes through the disposal area. 
The land on the side of the road nearest the 
river slopes towards the river and the beds are laid 
out ?n terraces, as shown by Fig. 46, which is a 
reproduction of a photograph taken near the 
lower edge of the tract. The beds are separated 
by earth embankments. The lowest beds are 
some 20 ft. above the river. The effluent is dis- 
charged at the top of the abrupt river bank and 
finds its way down the bank into the river. 

The writer visited the beds on Nov. 28, 1892, 
and found the effluent with only a slight cloudiness 
and but very faint musty odor. The river showed 
no sign of pollution and there was nothing about 
the disposal area which indicated to smell or by 
offense to sight the use to which it was put, except 
on raising a manhole cover, when a very slight 
odor was observed. 

Regarding the care of the beds the attendant 
stated that their surface was raked up occasionally. 
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Plan and Horizontal Section. 
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FIG. 47. DETAILS OF 



He also stated that no fixed rule was obierred 
as to the lengtb of application of sewage to Ote 
beds, judgment being used In that respect Hie 
drawlog from wbich Fig. 45 was made showed one 
or two l>eds with no outlets to them, and the orlgt- 
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iiai has been followed, but the attendant stated 
that all the beds laid out are in use. 

The general arrangement of the beds, sewagti 
carriers, outlet chambers, manholes, sub and main 
nnderdrains and tile manholes to give access to 
the latter will be seen by reference to the plan, 
and the accompanying explanatory symbols. Fig. 
45. The underdrains are placed with their centers 
at a depth of 3 ft. below the surface of the beds 
and are 20 ft* apart* 

The sewage is distributed to the beds through 
pipe carried in the tops of the embankments, from 
which it is drawn through chambers and short 
lengths of pipe at the corners of the beds^ all 
located as shown in the plan. Fig. 45. The de- 
tails of the main carrier and branches, including 
the plugs used to divert the sewage as may be 
desired, are shown by Fig. 47. Where the beds 
to be served are at a lower level than the outlet 
chambers, half tile, flat stone and V-shaped^roughs 
are used to carry the sewage down or to protect 
the embankment. All the brick chambers and 
manholes are lined inside and plastered outside 
with cement and the brick manholes and some or all 
of the outlet chambers have board covers, painted. 

At the intersection of sub and main underdrains 
tile chambers are placed, as shown in plan and 
section by Figs. 48 and 49. Fig. 49 shows the 
underdrains at changes of grade at embankments, 
whore adjacent beds are on different levels. There 
are but two or three of the special sections, shown 
in Fig. 49, they being placed only at points where 
the underdrain beneath a bed is at least 2 ft. 
higher than the surface of the bed below. Instead 
of the curves, shown in Fig. 49, the pipe was laid 
in straight lines. The tile chambers have iron cov- 
oi*s, as shown in Fig. 48. 

The cost of the filter beds and accessories was 
about $17,000, it having been increased by the haul- 
ing of sand to the beds. 



FIG. 19. SECTIONS THROUGH TILE CHAMBERS 
EMBANKMENTS, 



AND UNDERDRAINS AT CHANGES QF GRADE AT 
SUMMIT, N. J. 
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The Effect of Snow Upon the Filter Beda at Sum- 
mit, N. J. 

A visit was made to the Summit filter beds on 
March 6, 1893, to ascertain the effect of the heavy 
snowfalls of the winJter, which in that locality kept 
the ground continually covered with snow for a 
number of weeks. 

At the time of the visit the ground in the vicin- 
ity of the beds was covered with about 6 ins. of 
snow, some of which had been quite heavily packeo 
by rain and thawing weather, and afterwards 
frozen. The thermometer was a few degrees be- 
low the freezing point in the morning, but at noon 
the snow in the vicinity of the beds was thawing 
slightly. Most of the beds were entirely covered 
with snow or ice, or both, and all partially so. 
The snow filled some of the beds nearly to the top 
of the banks, while others were covered with ice 
and a small amount of snow, with a part of their 
surfaces exposed. All of the beds not wholly cov- 
ered showed an open space between their surface 
and the ice and snow above. During the visit sew- 
age was applied to at least six different beds, and 
in each case found its way beneath the snow and 
ice. One small bed became filled above the ice 
with sewage, necessitating the turning of the sew- 
age elsewhere, but the attendant stated that it 
would soon disappear. Three beds showed the ap- 
plied sewage running part way across them in 
channels, with the ice and snow melted above, but 
on two of these beds the volume of sewage was 
small. A bed not then in use gave some evidence 
that sewage had been finding its way down through 
an underground channel, and one bed, which was 
nearly full of snow and ice, showed that the sew- 
age. When last applied, had run over the top of 
the embankment, beneath the snow. 

The attendants stated that the snow upon the 
(}ed8 had prevented tl^e U9ual repairs, and thus al- 
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lowed the channels to form. Channels also forni 
in summer, necessitating watching and repairs. 

The smallest beds, and those in poorest condi- 
tion, are used during the day and carefully 
watched. At night sewage is applied to six or 
seven of the beds, there being no night attend- 
ance. 

The effluent coming from the underdrains ap- 
peared to be in good condition, but of course its 
character could be determined only by analysis. 

Mr. John J. Connolly, with one assistant, takes 
care of the beds. Mr. Connolly stated that the 
filtering material had not frozen during the winter 
sufficiently to prevent filtration, and that the snow 
had not stopped the operation of the beds. 

The open space between the top of the beds and 
the ice gives the air access to the beds and the 
passage of sewage beneath the ice and snow, as Is 
the case on most of the beds, prevents the chilling 
which would otherwise result. As there is no set- 
tling tank, and raking of the beds has been impos- 
sible during much of the winter, some sludge has 
collected on their surface, but so far as was ob- 
served not a great amount. It should be stated that 
the sewage is admitted to one corner of each bed, 
and that it has sufficient head to give it a good 
start across the surface. 

On the whole, it seems that the snow on the 
Summit filter beds this winter, which has far ex- 
ceeded the usual quantity and duration, adds to the 
rapidly accumulating proof that the heavy 
snowfalls of northern latitudes can no longer be 
considered a valid argument against intermittent 
filtration. Of course snow and cold reduce the 
efficiency of filter beds, but provided public water 
supplies are not affected a poorer effiuent can be 
tolerated in winter than in summer. 

The Summit effluent is discharged into the Pas- 
saic River at least 20 miles above the point on 
the river at which the Paterson and Passaic sup- 
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ply is drawn, but both of these latter cities dis- 
charge crude sewage into the river only a few miles 
above the site of the present water supply intake 
of Jersey City and the recently abandoned intake 
of Newark. These larger populations ought not to 
complain if, in exceptional winter weather, the 
effluent from a comparatively small population, dis- 
charged into the river 20 miles above their intakes, 
is somewhat reduced in quality, while any impuri- 
ties from Summit could hardly add to the pollution 
contributed by Paterson and Passaic to the Jersey 
City water supply. 

Medfield, Mass. 

The sewage purification plant at Medfield, Mass., 
combines mechanical separation, or straining, with 
intermittent downward filtration, and treats mainly 
the sewage of the Excelsior Straw Works, only a 
few residences being connected with the sewers. 
The town of Medfield is on the Charles River, 
about 17 miles from Boston. It had a population 
of 1,493 in 1890 and 1,371 in 1880. It is largely 
an agricultural town, the exception being the straw 
works, which employs a large number of hands. 

Vine Brook having been polluted by the drainage 
from the straw works, much of which came from 
the vats in which the straw is dyed, in which dye 
wood is used, a sewer was built in the fall of 1886 
to divert the sewage from the brook to filter beds. 

The sewage disposal plant was designed by Mr. E. 
C. Clarke, M. Am. Soc. C. E., and constructed under 
the direction of Mr. Fred Brooks, M. Am. Soc. C. 
B. The following description of the plant is con- 
densed from a paper by Mr. Brooks published in 
the Massachusetts State Board of Health Report 
for 1886-7 and reprinted, with slight changes, in 
the Journal of the Association of Engineering So- 
cieties for July, 1888. 

In order to remove the dyewood from the wastes 
from the vats of the straw works, duplicate settling 
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tanks and excelsior filters are provided, shown in 
section in Fig. 54. The filter was used nearly a 
year before the excelsior was changed, but mean- 
while the excelsior had rotted and was nearly 
ready to pass, piece by piece, into the sewer. The 
effluent from the tanks is joined by the other sew- 
age from the straw works, after which the sewer 
changes from a diameter of 4 to 6 ins. This por- 
tion of the system, with branches to houses, was 
built at private expense. From the end of the 




Figr. 55. Plan and Section through Sewage Outlets 

and Cesspool. 



6-in. pipe the town laid one 8-in. sewer, with capped 
branch pieces for extensions through the village. 
Near the filter beds the sewage enters the cess- 
pool shown in plan and section at the right in Fig. 
55, the T outlet being designed to hold back ob- 
jects that float or sink until chemical or other 
action changes them so they will flow out uni- 
formly upon the bed. 

The outlets in the middle of the filter beds are 
shown in plan and section at the left in Fig. 55. 
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The area of the filter beds is only one acre. This 
area is divided into four sections by embankments, 
three of which are about 1 ft. high, while the pipe 
embankment is 3 ft. high. The filtering ma- 
terial consists mostly of stones and grarel, from 
the size of a man's fist down. The natural level 
of the ground water being about 10 ft. below the 
surface, the beds are not underdrained. 

The average daily amount of sewage throughout 
the year was estimated by Mr. Brooks, the latter 
part of 1887, as about 32,000 gallons, it varying 
with the force employed and work done at the 
straw works. Mr. Brooks gives the probable cost 
of the cesspool, pipe to outlet and filter beds as 
about $1,000. The land was given to the town. 

In a letter dated Nov. 21, 1892, Mr. Geo. W. 
Kingsbury, chairman of the selectmen of Med- 
field, gave the following information: 

The average yearly cost of caring for the filter 
beds thus far nas been about '$50. The beds re- 
quire plowing and harrowing once every year, and 
more than that if much sewage goes to them. 
There has been no trouble with the sludge upon 
the beds. The sewage runs upon each section 
about two days, thus giving each section about 
six days' rest. Surveys were being made on the 
above date to determine what territory could be 
made tributory to the works. 

To April 11, 1893, the system had not been ex- 
tended. 

Gardner, Mass. 

The town of Gardner, Mass., is situated in the 
central part of the state, 65 miles from Boston. It 
is on the divide between the Connecticut and Mer- 
rimac rivers, all but a small part draining into the 
Connecticut River. The population of the town in 
1890 was 8.424 and in 1880, 4,988. It is largely 
engaged in the manufacture of chairs. The water- 
works were built in 1882 by the Gardner Water 
Cp. ^e dail^ coiisumptiou of water is about 
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300,000 gallons. In 1889 a report on a sewerage 
system was made and sewers were built in the 
three following years. 

The town is made up of four villages closely 
united, South, Depot, West and Center. Of these 
the West village is the most thickly settled and 
contains the most factories. The South is also 
thickly settled, and has a number of factories. 
The Center is strictly a residential part of the 
town. The Depot village is not thickly settled. 
South Gardner has a number of large ponds, and 
quite a stream flowing through it, whidi are util- 
ized for sewage disposal. No sewers have yet been' 
built in this part of the town, but in a short time 
something will have to be done. The outlet of 
Crystel Lake flows through West Gardner, and 
until sewers were built received the flith from the 
greater part of the village. At one point the water 
is held back by a dam, thus making a pond in 
which the flIth settled. After passing this pond 
the brook runs by several large factories and is 
shortly joined by a brook from the Center and 
Depot villages. It then flows through unoccupied 
land, crosses Broadway and flows by the filter beds. 
Here it receives the effluent from the beds and 
finally it finds its way into the Connecticut River 
by way of Otter and Miller rivers. The 
brook from the Center and Depot villages is 
polluted to a considerable extent. 

The State Board of Health, fearing that in time 
the crude sewage, if emptied into Otter River, 
might create a nuisance, or worse, ordered the 
town to purify the sewage before allowing it to 
flow into the river. Intermittent downward fil- 
tration was adopted. The main sewer is a 12-in. 
pipe which extends through West Gardner. The 
Center and Depot villages are drained by a 10-in. 
pipe which joins the 12'in. pipe about one-half 
mile from the filter beds. . Work was begun in Aug- 
l^st, X890f and was carrie4 90 during tl^e si^mmerf 
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of 1890-1-2. A greater part of West Gardnef, 
the Center and Depot villages had been sewered 
up to March, 1893. 

The town is very hilly, has a large amount of 
ledge» and is, in places, quite wet. 

The sewers were built in the ordinary way and 
need not be described hero, note only being made 
of the fact that a gasket, wet in thin cement, was 
calked into the joints and that drop-manholes, 
shown by Fig. 63, were very successfully used. 
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Fig. 63. Section of Drop Manhole. 

There are 14 drop manholes, built wherever one 
sewer enters another at an elevation above the 
outlet greater than 1 ft. It was found to be 
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(cheaper to piit in the drop manholes than to lay 
the higher of the two sewers at a lower grade. 
The channels in the bottom of the manholes were 
formed with brick and are of the same size and 
shape as the lower half of the sewer. 

The separate system was used on account of its 
costing so much less than the combined and from 
the fact that th« surface water can be easily and 
cheaply drained into the natural water courses 
without doing any harm. 

There were in use, at the close of the summer of 
1892, 5^ miles of sewers, 12 to 6 ins. in diameter, 
128 manholes with perforated covers and 23 flush 
gates in manholes; also 139 sewer connections, of 
whioh 100 were from houses, 25 from business 
blocks, 10 from factories, with a total of 1,500 eni- 
ployees, and four from hotels. At the close of the 
summer of 1891 there was a total of 97 connections. 
The daily amount of sewage delivered at the filter 
beds is about 125,000 giallons. To reach the most 
available ground for a filter bed it was necessary to 
carry the outlet sewer down through a small valley 
and up onto a hill. This was effected by making 
the last 1,050 ft. of the outlet sewer of iron pipe, 
with a sag near the middle of 24 ft. A blow-off, 
discharging onto filter bed No. 50, ased only in this 
connection, has been placed at the lowest point 
in the iron pipe. This is to be used only in case 
of stoppage. This gate has not been open for over 
a year and no trouble has arisen from solids col- 
lecting at this point and stopping the sewer. 

The blow-off gate used is an 8-in. vertical lift 
gate, exactly like the one in use at the filter beds 
at Marlborough, Mass., shown on the inset, Fig. 
11, accompanying the Marlborough description. 

The iron pipe crosses the brook on a bridge and 
is housed in and packed in sawdust. 

The outlet pipe discharges into a settling 
tank, shown in plan and section by Fig. 64. The 
tank is built of brick, with walls 12 ins. thick. It 
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is divided into two parts by a 12-in. wall, built 
through the center, thus giving two compartments, 
each 20 ft. long, 7 ft. wide and 5 ft. deep. The 
sewage first flows into a wooden box, shown in 
plan by Fig. 65, and also by the dotted lines in the 
plan of the tank. Fig. 64, and is diverted into either 
tank by means of a swinging door. Stop planks to 
prevent floating matter from reaching the gate 
chambers are placed near one end of the tanks. 
The sewage is drawn off at the surface by means of 
pipes leading into the gate chamber. The flow 
into these pipes is controlled by iron gates, a sketch 
of which is shown by Fig. 66. The sludge is drawn 
off by opening similar gates, shown in plan at the 
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Fig. 65. Inlet to Settling Tanks. 



bottom of the tank, Fig. 64, crude sewage being 
used to wash out tiie tanks. Extra pipes for future 
use have been built into the tank and gate cham- 
ber. 

The flow from the gate chamber into the main 
carrier is also regulated by means of iron gates 
like the above. The gates are raised or lowered by 
means of chains, which pass over pulleys and 
through the wall of the tank, and are worked in- 
side the tank house. A large amount of solid mat- 
ter settles in the tanks, and is discharged onto the 
sludge bed, through the sludge pipe, as shown in 
Figs. 64 and 67. 



Iron gates, like those iaat described, are used In 
connectioD with flush manholes, the gates being 
lowered to cover the outlet pipe, or both outlet and 
inlat, If iliwired, and opened again alter the man- 
hole has been filled from a pipe connecting with 
the water main. 



Fig. 66. Gates on Outlet Pipe from Tank. 

In constructing the filter beds, the surface 
was first leveled, the aurplas dirt being used 
to make the banks, and the bottoms of most of the 
beds being formed in clay. They were then covereil 
with gravel to the depth of from 4 to 5 ft., carted 
on from a bank south of the settling tank, alter 
which the outlet for the effluent and the tile drains 
lending into them were laid. Then the banks sub' 
dividing the beds were built. The bottom of these 
banks extend 1 ft. below the aurface of the beds. 
All of the banks were then sodded. The 10-in. dis- 
tributing pipes were then laid and connected with 
square wooden troughs, Gnnly fastened to cedar 
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posts set in the edge of the bed. These troughs 
are covered, but every other cover is hinged so that 
the interior of the troughs can be examined at will. 
The troughs have an opening at each bed and by 
means of a board, sliding in grooves, the sewage 
can be directed on any bed, as desired. These 
troughs are from 2\^ to 3 ft. above the beds and 
the sewage falls onto a piece of stone pavement 
which prevents the washing of the beds. The tile 
drains are from 4 to 5 ft. deep and 20 ft. apart 
and the banks are 2 ft. higher than the surface of 
the beds. The surfaces of the beds are level. Beds 
A and B were constructed by simply leveling the 
bottom and building the banks. No tile or outlet 
pipe was laid and the effluent simply soaked 
through the ground. An examination of the plan 
of the filter beds, Fig. 67, will show clearly their 
general arrangement. All of the beds except No. 
51 discharge their effluent directly into the brook. 
The effluent from No. 51 is discharged into the 
woods, and is allowed to flow over the ground. The 
effluent is practically colorless and odorless and 
has caused no trouble in the brook. Overflows have 
been built so that the sewage cannot flow over the 
banks in any case. Very little trouble has been 
caused by the extreme cold weather, as the sewage 
finds its way under the snow and ice and is fil- 
tered through the gravel. 
The areas of the several beds are as follows: 

No. of bed. Area. sq. ft. No. of bed. Area, sq. ft. 



8,570 10 q'S^j 



2 §'520a '. l2& 

4 4,400 50. ....... 2 500 

5 4;3oo 51. . ::;::: lioo 

5 4,400 52 3370 

7 4.000 A 5000 

8 3,240 B ::.:.:::ii;ooo 

Total, 82,330 sq. ft., or nearly two acres. 

The above area does not include the space occu- 
pied by the main banks, but does include the di- 
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vision banks, the bottoms of which are only 1 ft 
below the surface of the beds. 

Bed No. 51 was at first used as a sludge bed, but 
the odor arising from the sludge while drying, as 
well as from that which had previously been taken 
off and piled up near the bed, led to this bed being 
converted into a filter bed, and the construction of 
bed No. 52 for a sludge bed. Since this change 
no trouble has been caused by the odor, as this bed 
is farther away, and is over the brow of a hill and 
surrounded by woods. No trouble has been caused 
by the filter beds, as there is no odor arising from 
them that can be detected a few feet away. 

Sludge beds should always be located as far as 
possible from the line of travel, and care should be 
taken to cover the sludge with earth or bury it after 
it is removed from beds. The sludge is allowed to 
remain on the sludge bed until it is dry, when it 
is removed and placed in piles and covered with 
dirt. The sludge is discharged from the tank, and 
the filter beds are cleaned every two to three 
weeks. The sewage is discharged onto the filter 
beds in the following order: 

First day. 

Bed No. 1, from 7 a. m. to 10 a. m. 

" " 2, " 10 a. m. to 1p.m. 

•• " 8, " 1 p. m. to 6 p. m. 

" "4. " 5 p. m. to 7 p.m. 

" ••♦•A" and 5, from 7 p. m. to 7 a. m. 

Second day. 

Bed No. 6, . from 7 a. m. to a. m. 

" " 7, ** 9 a. m. to 11 a. m. 

" " 8, " 11 a. m. to 1p.m. 

" " 9, " 1 p. m. to 3 p. m. 

" "10, " 3 p. m. to 5 p. m. 

" "11, " 5 p. m. to 7 p.m. 

" "61 and "B," from 7 p. m. to 7 a. m. 

This has been found to give satisfactory results. 

In summing up their description of the filter beds, 
the engineers state that the results have been en- 
tirely satisfactory; that there is no trouble to be 
feared from bad odors arising from the filter beds 
if ordinary care is used in running them, and that 
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the sladge must be taken care of properly, as it 
is the odor from this that will give trouble, if any. 
The cost of the filter beds and accessories, not in- 
cluding engineering and superintendence, was as 
follows: 

Labor 18,766 

Vitrified pipe 684 

Tile pipe 238 

Wooden troughs 305 

Tbtal cost of carriers and drains 1,227 

Carting 26 

Freight 13 

Wood dams at Beds A and B 13 

Iron gates and gate and gate chamber 99 

Tank 600 

Tank house 344 

Miscellaneous 105 

Total , 111,193 

The cost of preparing the beds, with piping, was 
$10,046, or 12 cts. per sq. ft., the area being 82,- 
330 sq. ft. The total cost of the beds, tanks and 
all accessories, was 14 cts. per sq. ft. of filtering 
area. 

The general pipe system in place cost $40,530, in- 
cluding $1,719 for the 1,050 ft. of iron pipe in the 
outlet sewer, making the total cost of the system 
$51,723, not including engineering and superin- 
tendence. 

The foregoing description was sent us by Mr. 
J. Leslie Woodfall, of McClintock & Woodfall, 
Boston, Mass., who were engineers for the sewer- 
age system, and who also furnished the material 
for the illustrations. 

The writer visited the Gardner filter beds on a 
warm and muggy evening in June, 1892, and also 
near the close of a hot day in the same month and 
year. Everythinjgr was apparently in good work- 
ing order and wholly inoffensive. 

At this time bed No. 51 was being used as a 
sludge bed, and on one of the visits sludge was be- 
ing put onto the bed. The effluent from the sludge 
bed at this time was quite cloudy. It appeared at 
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the outlet of the underdrains in about three-quaf- 
ters of an hour after it was admitted to the bed, 
but the tank full of sewage, as well as the sludge, 
had been drawn onto the bed, as was said to be the 
usual practice. 

The effluent from the filter beds was found to be 
very clear, and tlie brook which receives it gave but 
little evidence of the fact. 

The attendant stated that the sludge was piled 
up in a heap, without dirt, when removed from 
the sludge bed, but it appears, from a statement 
above, that later in the season dirt was put upon 
the sludge. 

The sewerage system was built and still is 
under the direction of three sewer commissioners, 
Mr. Ohas. W. Conant being chairman, and Messrs. 
R. li. Bent and Ezra Osgood the other two mem- 
bers. The beds are cared for by an attendant who 
lives in a house located on the disi>osal area, Mr. 
Jas. French having been the attendant in the 
summer of 1882. 

Hastings, Neb. 

The use of intermittent filtration and broad irri- 
gation for the purification of sewage of Hastings, 
Neb., is worthy of consideration by all localities 
where sewage purification is needed, and especially 
by those cities of the West situated, as is Hastings, 
with no available outlet for crude sewage, either on 
account of the distance of streams or because of 
the diminished volume of the latter in dry weather. 
One feature of the design and management of 
the Hastings plant is worthy of special notice and 
commendation: Purification is recognized as the 
first object to be attained in disposing of the sew- 
age, the raising of crops for revenue being made 
the second. Indeed, from the information at hand, 
it seems quite likely that the most profitable use 
of the sewage consistent with proper purification 
has not yet been practiced, but the sewerage sy*- 
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tern has been in use only two years, and to Jan. 1, 
1893, only 119 sewer connections liad been made, 
so that criticism on this point is hardly in order 
yet. If operated as designed, there seems to be 
no reason why an eminently successful sewage 
farm should mot be the result. 

The following description of the Hasting's plant 
was prepared for us by the engineer of the sewer- 
age and sewage disposal systems, Mr. J. M. Wil- 
son, of Omaha, Neb.: 

Hastings, Neb., is a thriving young city of some 
15,000 (13,584 in 1890) inhabitants, situated on the 
plateau between the Platte River and the Repub- 
lican. The Platte, about 16 miles to the north, is 
a broad, shallow stream, carrying in the spring and 
early summer a large volume of water from the 
melting snows in the mountains of Colorado and 
Wyoming; but in the late summer and winter the 
stream is largely lost in the sands of its many 
broad channels. 

The Blue, a tributary of the Kansas River, about 
ten miles to the south, is a much smaller stream, 
but, being confined to a narrower channel, is more 
permanent in its flow. 

These were the nearest and the only streams that 
could possibly be used for the discharge of sew- 
age. Higher lands to the north cut off the outlet 
to the Platte. To reach the Blue would require that 
the line should follow the windings of some of the 
draws or valleys leading from the vicinity of Hast- 
ings to that river. This would so lengthen the 
line and increase the cost that all thought of reach- 
ing a running stream with the sewage was aban- 
doned. 

The only available method of disposal was a 
sewage farm. Upon investigation, the conditions 
at Hastings were found to be very favorable for 
the success of such a plant. Below the surface no 
water is found until a depth of about 100 ft. is 
reached, at which depth permanent water is found 
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in sand and gravel. The subsoil here is quite per- 
vious to moisture; after the heaviest rains the 
water disappears quickly from the surface, being 
absorbed by the 100 ft. or more of porous subsoil, 
without producing that condition of complete sat- 
uration which is so often found where the under- 
lying strata are impervious or the permanent water 
level is near the surface. 

In many cases in the lands which must, of neces- 
sity, be selected for sewage farms, these favorable 
conditions do not exist, and only a few feet of the 
upper strata can be made available by artificial 
drainage. The amount of sewage that such 
lands will absorb without saturation is, of course, 
very limited, and the condition of permanent mois- 
ture so near the surface gives, by capillary attrac- 
tion, all the moisture, in most cases, that crops 
grown on the land can appropriate. The additional 
moisture supplied by the sewage is just so much ex- 
cess. The result is that on most sewage farms 
where crops are raised, very little of the sewage Is 
applied to the crops, or only such crops are raised 
as will endure excessive moisture. The profitable 
crops that will endure such conditions are very 
few indeed. On the contrary, in this plains re- 
gion, with its great depth of porous subsoil and its 
moderate rainfall, the conditions for disposing of 
sewage successfully, either by discharging it inter- 
mittently on limited areas or by applying it to 
crops, were peculiarly favorable. 

The general surface of this part of Nebraska is 
a gently undulating plain, rising to the westward 
at the rate of say, 7 to 10 ft. per mile. In the vi- 
cinity of Hastings the rate is 9 ft. per mile. The 
plain is broken by draws or valleys, down which 
the water passes to the permanent streams when 
there is any surplus. After heavy rains the draws 
are, for a few hours, quite respectable creeks; but 
ordinarily they are dry, and the surface where it 
has not been disturbed by the plow, is covered with 
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a thick, strong sod. Along the sides of these draws 
the land has been lowered by the action of the 
water considerably below the general level of the 
surrounding plain, and yet left high enough above 
the bottom of the draw to insure adequate drain- 
age. 

With a pumping plant that would raise the sew- 
age 15 ft., any one of the many smooth farms lying 
to the east was available for a sewage farm, prac- 
tically graded and ready for the reception of the 
sewage. The objections to this arrangement were: 

(1) The cost of erecting and maintaining the 
pumping plant, and (2) the difficulty that might 
arise in draining such a tract in case, as was 
likely, it should need drainage after the sewage 
was applied. 

If the sewage was to be disposed of by gravity 
the only available fields were the lands before 
mentioned, lying adjacent to the draws. These 
were somewhat irregular in outline and elevation, 
and would require considerable grading to put 
them in shape for the application of the sewage; 
but they were so situated that good surface drain- 
age was insured, and if it should become necessary 
to tile the farm later, the draw would afford a 
ready outlet for such drainage. 

A small draw heading in the northeast corner 
of the city leads off toward the northeast about 
V/2 miles, where it intersects with a much larger 
draw from the northwest. Along the borders of 
this larger draw there are considerable areas 
which, while elevated enough above the bottom of 
the draws for drainage, are low enough to make it 
possible by careful economy in grades to reach 
them by gravity from every part of the city. It 
was found that the storm water could be sent off 
through the natural waterways by using short runs 
of large pipe at moderate depths, and with better 
fall than it was possible to secure for the sewer 
Une to the farm. 
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This, with the limited areas available for receiv- 
ing the sewage, and the difficulty of taking care 
of the storm water on such a farm, settled the ques- 
tion in favor of the separate system of sewerage. 

After a careful study of the established grades 
for the streets, with the necessary additional levels 
taken, main lines were laid out, centering toward 
and in the northeast corner of the city, where all 
were collected into one 18-in. main leading to the 
farm. 

The nearest land available for a disposal area 
was a tract of 70 acres, somewhat broken. To find 
smoother land upon which the sewage could be 
deposited by gravity would have necessitated a 
lengthening of the main pipe from 3,000 to 5,000 
ft., and the crossing of several small draws. The 
additional cost of this part of the line would have 
more than overbalanced the necessary expense of 
grading, not to mention the extra cost of caring 
for and maintaining the additional line. 

The 70-acre tract selected for the sewer farm is 
shown by Fig. 72, on the inset.* The southwest 
part of the tract is too much elevated to receive 
sewage, but is valuable farming land, and will 
furnish a desirable building site for the residence 
of a superintendent. 

The northwest portion of the area north of the 
draw is very rough and cannot be utilized for 
sewage, except at heavy expense for grading and 
piping. The central part of the western half of 
the area has been graded into areas, as shown 
on the map. Fig. 72, each having its own level and 
separated from the adjacent areas by a low ridge 
of earth. The cross section at the foot of Fig. 72 
shows the arrangement of these ridges and slopes. 
The elevations selected and the forms of these 
areas were determined largely by the question of 
economy in moving the earth. 

 Figs. 72 to 76, Inclusive, are on the accompanying 
iuset. 
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These areas were brought to a uniform grade, ex- 
cept at the pointfii where the sewage is received 
from the distributing gutters. Here the surface 
was slightly elevated to secure a better distribu- 
tion over the surface when the sewage is first dis- 
charged on an area. The sewage is discharged first 
into a settling tank, shown in plan and section bj 
Pig. 73. 

This tank is provided with cast iron gates for 
controlling the flow of the sewage. It was the In- 
tention to provide a screen, but it was found that 
it was not necessary, as the paper and the small 
amount of solids which would make trouble by 
clogging the drains were all deposited in the lower 
part of this tank, from which it could be drawn 
off on the lower area, No. 8, Fig. 72, where it 
could be readily collected and disposed of when the 
water was drained out of it. 

From this settling tank the sewage is conducted 
to distributing or outlet gutters so situated as to 
distribute the sewage on two or more adjacent 
areas. These gutters are built of brick laid in 
cement mortar and plastered with Portland cement, 
as shown by Figs. 74 and 75. The gates which 
regulate the flow are of 3-16-in. plate iron, faced 
with sole leather and set at an angle from the ver- 
tical, so that their weight, which is increased by 
a heavy cast iron disk bolted to the back, acts 
with the sewage to shut the gate snugly against 
the seat. The seating face is 2 ins. wide and buiit 
up of cement. The gate is opened by revolving it ^& 

upward and backward till it rests on the top of 
the gutter, as shown in Fig. 74. 

Areas Nos. 1 and 8 receive sewage from short 
lines of pipe leading from the settling tank, as ^^ 

shown by Figs. 72 and 73. Areas Nos. 2, 3, 4 and lunei 

5 are supplied by an 18-in. pipe from the settling 
tank, the sewage being distributed to each of the 
four beds by the four-way gutters shown in Fig. 
74. A 12-in. continuation of the 18-in. pipe from j<q.. 
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the settling tank carries the sewage to areas Nod. 
6 and 7, the two-way outlet gutter here being 
similar to that shown in Fig. 75. An ordinary 
wooden sluice gate is the only means provided for 
supplying sewage to area No. 9. This gate is shown 
in plan and section by Fig. 76. Area No. 10 is 
supplied by one of the branches of the two-way 
gutter shown in Fig. 75. The other branch of this 
two-way gutter is designed to discharge sewage 
onto a part of the irrigable land nearest to the dis- 
tributing basin, the remaining part of this section 
being provided for by the 8 and 12-in. outlets on 
the south side of the basin, all as shown in the 
plan, Fig. 72. The 18-in. main outlet is extended 
across the draw to the most distant part of the dis- 
posal area, this section being suitable for irriga- 
tion. 

The farm is under the care of a superintendent 
of sewers and water-works. He visits the farm 
once a day, or as often as may be necessary to 
change the flow from one area to another. The 
time of discharge on any given area is determined 
largely by the season and the amount of rainfall, 
and must be regulated by the experience and intel- 
ligence of the superintendent. Occasionally the 
areas are plowed to facilitate absorption and to 
cover up deposits, which, with the carting away at 
intervals of the sludge discharged from the settling 
tank, is all the attention the farm receives. 

Of course, with further development of the sys- 
tem, more time must be given to it. The works 
have now been in oi)eration about two years. The 
first year was an unusually wet season, and the 
capacity of the soil for receiving sewage was for 
this reason much reduced, but it was all discharged 
in rotation upon the areas that had been graded. 
No offensive odors were perceptible from the fields, 
as everything was distributed before decomposi- 
tion set in, and the sewage was not allowed to dis- 
charge or remain on one area long enough to be- 



5(5 

come putrid. The only time when any odor is per- 
ceived is when the settling tank is opened to dis- 
charge the collected solid matter. At such times 
for a short interval there is a little odor when the 
discharge is first made; but it is only perceived in 
Its immediate proximity. 

Up to Jan. 1, 1893, the number of sewer con- 
nections that had been made was 119, mostly from 
the business part of the city and the. larger resi- 
dences. Outside of the business portion no at- 
tempt has been made to compel the making of 
connections. Other areas will need to be added 
as the use of the sewers becomes more general. 

The lands marked on Fig. 72 as suitable for irri- 
gation cultivation are all available for absorption 
fields; and if a larger area is needed, the lands 
along the valley to the eastward will afford oppor- 
tunity for increasing the areas to any extent de- 
sired. By means of shallow ditches and furrows 
along the slopes the sewage may be conducted 
over these lands and used for irrigating crops, as 
with the water from irrigating canals in the arid 
regions of the "West. No attempt, as yet, has been 
made to use it in this way, but at intervals the 
sewage is allowed to flow over the meadow land 
of this portion as far as it can do so without special 
direction and yet not escape into the draw. 

The drainage or absorption areas now in use are 
not underdrained, but depend entirely upon the 
capacity of their soil for absorption. Ultimately 
tiling will be necessary, and this will convert 
them into filtering beds discharging their effluent 
into the draw. When the farm was first put in 
use it had been freshly graded, and it was not 
thought best to put in tile until all settlement of 
the fills had ceased. We also wished to test the 
capacity of these areas without the tiling. With 
the amount of sewage now disposed of the results 
are satisfactory, but I have no doubt that in time 
they will all require drainage. 
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In arranging this farm, while keeping in view the 
desirability and the possibility of using the sewage 
in the cultivation of crops and arranging for its 
use when the quantity of sewage would make sucn 
use profitable, these two facts have been kepr 
steadily in mind: (1) That with all crops of value 
the amount of sewage that can be used with 
profit has very definite limits; (2) that the time dur- 
ing which it can be applied to any crop is ordi- 
narily confined to only a limited portion of the 
growing season. To apply in greater quantities 
and at other times is to ruin the crop. 

Hastings is a typical town of the Western plains, 
and suggests a solution of the sanitary problem 
that confronts a great many of these towns, by 
reason of their level areas and remoteness from 
streams of such magnitude that sewage may be 
safely discharged intu them. 

In addition to the above information from Mr. 
Wilson, Mr. G-. W. Woodward, City Engi- 
neer of Hastings, writes us that the disposal area 
is about 1% miles from the city; that each of the 
filtration areas is about two acres in extent, and 
receives sewage for a day or two at a time, with 
a rest until the sewage has been applied in succes- 
sion to the other areas; and that the application 
of sewage to the land creates no nuisance, and 
pauses but very little odor. Mr. Woodward states 
that he was city engineer when the sewerage sys- 
tem was built, and ected as constructing engineer, 
with Mr. Wilson as chief engineer. 



BROAD IRRIGATION. 

Wayne, Pa. 

Wayne is a suburban residence village about 15 
miles from Philadelphia, on the Pennsylvania R. 
R. It has been built ap by Messrs. A. J. Drexel 
and Geo. W. Ohilds, who bought the "Wayne es- 
tate" some ^e^^rs »p;o. |q Ji^ue, ^90, its popu)c^« 
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tion was 9d7. Two years later a population of 
2,000 was claimed. There are no manufactories. 

Water-works were built by Drexel & Ohilds in 
1881. Very shortly after CoL €^eo. B. Waring, M. 
Inst. C, E., was engaged to extend the sewerage 
system of the Tillage which then conveyed the 
wastes and roof water of a few buildings into a 
brook flowing through the valley. 

Col. Waring extended the system on the strictly 
separate plan, collecting the sewage in a large 
flush tank from which it was discharged into the 
brook through an 8-in. pipe 2,925 ft. long, having 
a fall of 1 ft. in 400. An additional area being 
secured later a 12-in. outlet was laid parallel to 
the lower part of the first outlet. 

The brook which received the sewage had a 
copious flow and discharged into Darby Creek, 
a stream polluted by manufactories. The brook 
gradually became fouled, to prevent which the sew- 
age was finally delivered into a settling basin be- 
fore passing to the brook. The effluent not being 
sufficiently cleared by this settlement it was dis- 
charged into a second, and later into a third set- 
tling basin. 

The farm land along the brook gradually being 
taken up for residences complaints regarding the 
fouling of the stream increased and finally an in- 
junction to prevent the discharge of sewage into 
the brook was threatened. When the works de- 
scribed below were recommended by Ool. Waring 
in the spring of 1891, the move for an injunction 
was stopped under verbal protest. 

Surface irrigation on somewhat isolated land 
at the lower side of the estate was decided upon. 
The disposal area is thus described by Ool. War- 
ing in an article in the "American Architect" of 
July 2, 1892: 

The tract to be used was of unfavorable character, 
but it was the only one available. It consisted mainly 
of an old pond surrounded by ancient pollard willows, 
a large area of swamp through which the brool^ 
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Ineandered, about four acres of slightly sloping cleared 
land, and a very steep, thickly wooded and rocky hill- 
side, rising about* 100 ft. from the level of the brook 
to one comer of the nearly square tract. 

The pond was obliterated, the willows and much other 
vegetation were cleared away, the brook was confined 
within stone walls and all except the steep hillside 
was thoroughly underdrained. 

The disposal area includes eleven acres divided 
by the creek as shown in Fig. 37. Along the lower 
course of the brook much of the land was a nearly 
level tussock swamp. All growth less than 8 ins. 
in diameter was removed from the tract. The 
creek was straightened and deepened and the 
banks sloped back from the walls of the creek and 
sodded. But little grading was necessary on the 
left or south side of the creek, but the whole area 
on the other side was graded. The header drain 
of 6-in. pipe on the left side of the creek was laid 
to cut off the effluent from some slightly wet 
land. The stone drain is for the protection of the 
pumping station. 

The land on the south side of the creek was di- 
vided into three nearly equal tracts by embank* 
ments about 1 ft. high, which converge at the dis- 
tributing well. A road to the pumping station 
divides the land on the north side of the creek into 
two sections. 

The outlet sewers already described were inter- 
cepted just above the old settling basins, from 
which point a 12-iu. vitrified pipe with a fall of 
1 in 125 extends to the edge of the disposal field. 
About 400 ft. above the edge of the field an 8-iu. 
branch with a fall of 1 in 250 extends to a screen- 
ing chamber. From this chamber the sewage is 
delivered at will onto tract D, or E, first passing 
over a bed of broken stone. The cinder banks on 
both sides of the creek are described further on. 

The main outlet sewer is of vitrified pipe where 
in earth and of iron and cement where on piers. It 
ends in a brick screening chamber with a concrete 
bottom near the pumping station, shown in plan 



and sectioD b; Fig. 38. After pasuDg throngh the 
screens the sewagK flows lata th« receiving reser- 
YOif shown in plan and longitudinal section by Fig. 
39. This reservoir has a capadtf of 90,- 
000 gallons to the moutli of the inlet pipe- 
Its bottom is of concrete and slopes toward 
the sump into whicli the suction pipes extend. 
Six 6-in. pipes at the top of the tank lead to the 
creek an an overflow. 




Two Bnrr duplex pumps with a capacity of about 
22.000 gallons each per hour, or 525,000 gallons 
per day, force the sewage up the hill on the left of 
the creek to the distributing well. This 12-in. 
force main is of spiral welded steel pipe, 480 Ii. 
long and has a rise of about 100 ft. The lower 
end of the force main was placed above ground 
to obtain a grade that would allow it to drain dry 
through the aerating pipe, mentioned below. 

Both [•limps are atartijd »-heu the receiving 
reservoir is nearly full, and the sewage is first 
delivered back into the receiving tank through a 
4-in. aerating pipe, the object being to deodorize 
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the sewage and increase its oxygen. Aeration is 
maintained for from 60 to 90 minutes, after which 
the valve in the aerating pipe is closed and the 
sewage is delivered into the well. 

The distributing well is shown in plan and sec- 
tion by Fig. 40. It is of brick, with a concrete 
bottom, and is covered by a small building shown 
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FIG. 40. DISTRIBUTING WELL. 



in the distance in the view, Fig. 42. Lift gates, 
working in the masonry of the well, are provided 
to regulate the discharge of the sewage upon the 
tracts. 

A bed of broken stone about 8 ins. deep and 50 
ft. wide extends across the tract below the dis- 
tributing well. Sewage is discharged into a de- 
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pression along the upper edge of the stone bed. 
When this depression is filled the sewage flows 
down the bed, which has a fall of about 1 to 4, to 
a catch wall of broken stone designed to check 
the somewhat rapid flow of the sewage and to dis- 
tribute it evenly over the land below. 



FIG. 41. CROSSSECTION THROUGH CINDER BANK. 

The cinder banks shown in Fig. 41, are laid on 
graded strips following contours. The cinders, 
mostly from locomotives, are backed, to prevent 
washing, as shown by Fig. 41. These banks are 
designed to catch the sewage in its irregular flow 
down the steep hillside and start it again uni- 
formly. Some of the sewage filters through the 
banks during the application of sewage to the 
fields, and all of it passes through when sewage 
is diverted to another tract. 

Small and shallow carriers are cut with spades 
through all the disposal area to help equalize 
the flow of the sewage, in addition to the cinder 
banks. 

The receiving reservoir fills in from 6 to 12 
hours and is emptied in about five hours. The 
sewage disappears from the surface of the land 
In about a half hour after the pumps are stopped. 

The field on the left side of the creek was put 
in operation in September, 1891. 

The field at the right of the creek was put in 
use later, before well covered with vegetation. 
Col. Waring states that if the aeration of the sew- 
age, as described above, proves sufficiently benefi- 
c|aly a foirce m^|n will b^ ponstructe^ to the fiel4 



at the right and sewage deliyered to it by pump- 
ing, instead of by gravity, as now. 

Col. Waring makes the following statement re- 
garding a visit to the disposal area in the summer 
of 1892. 

Jiily 1, I went to Wayue with the Sewerage CJom- 
mipeloner of a New England town, who desired to In- 
spect the work. It was foriid that In June the broken 
stone tracts at the top of the hill had been forked 
over, and about six yards of fibrous matter removed. 
This was thrown in a heap, and had at no time been 
offensive. There remained among the stones a cer'an 
amount of half decomposed material, mainly paper 
f.ber. 

As the sewage was discharged at the upper edge of 
the stoue tract, It was milky-looking water, such as 
flows in the gutters in the better parts of Baltimore. 
As it escaped from the stone tract, it was considerably 
blackened with carbonaceous refuse. It had no in- 
creased odor. This blackened appearance was entirely 
lost before the first barrier (x) was reached. As the 
water gathered behind the lowest barrier it was per- 
fectly clear. A little below this, where a rill had 
gathered, the Commissioner filled a glass with it. Hold- 
irjg it to the light, ho saw that it was absolutely 
clear; smelling it, he found it without odor; and 
tasting It, he found it without taste. The eonditlou of 
the field had, at no time, been more satisfactory than 
en that occasion, and the man in charge said that it 
was getting better and better every day. 

Most of the above information is abstracted 
from an article by Col. Waring which appeared in 
the "American Architect" of July 2, 1892. The 
illustrations, Figs. 37 to 41, with some changes, 
are from the same source. The views. Figs. 42 
and 43, were reproduced from photographs kindly 
sent by Col. Waring, who added some information 
to that given in the above named article. 

Oct. 27, 1892, the writer visited the Wayne 
purification works, and through the courtesy of 
Mr. Frank Smith, Manager of the Wayne estate, 

m^ Mr. 0. p. Stow, Superi^t^^4e^t of t))e tewe^ 



wliitli folio «n. 

Tliore are now iibout 600 acres iu the estate. Ali 
buildings OD tlie property are connected with tbe 
seweraire system, there being about 275 conoec- 
fions lit iirewiiit. No charge is made for connof- 
tions with the sewers and no yearly rentals arp 
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charged except in the case of a few connections 
from buildings outside the estate. The average 
daily consumption of water in Wayne is stated to 
Be about 200,000 gallons. The average pumpage 
was given as about the same, but from all the 
data at hand it would seem to be higher. Two 
days out of five, according to the information 
given, the sewage flows by gravity onto the north 
part of the area. 

The first screens used at the screening chamber 
at the receiving reservoir had a 2-in. mesh. This 
mesh proved to be too coarse, and screens with 
1-in. mesh are now used. The rakings from the 
screens average about two barrels a day, there 
being more on Saturday, Sunday and Monday than 
any other day. Lime is put upon the rakings as 
they accumulate beside the chamber before re- 
moval. 

The pumping station is kept open throughout 
the 24 hours and the pumps are run from 16 to 18 
hours a day, requiring about 110 lbs. of buckwheat 
coal per hour. Two engineers are employed at the 
station and Superintendent Slaw divides his time 
between it and the part of the sewerage system 
within the village. In addition laborers are em- 
ployed when necessary, which, it would seem, is 
not often. Sewage is turned upon each tract for 
only one day at a time so that each tract has a 
rest of five days. 

The material in the barriers has never been 
changed and the broken stone at the top of the 
hill on the south side of the creek, Mr. Slaw 
stated, has never been cleaned except that one 
section has had one cleaning. The broken stone 
at the head of the areas on both sides of the 
creek showed only a sn^all amount of rags and 
paper which had been caught. At the dam of 
broken stone at the top of the steep hillside and 
at the first barrier below sludge accumulates and 
^as to be shoveled out. Except at the first or 



stone, harrier the ecwage rarely runs orer the top 
of tbe banks, uDless tbey are stopped by leavesi 
cs is likely to be the case just at thia time of the 
year. The Beware has a tendency in tbe first 
part of Its course to mu down tbe steep hillside 
in channela and to some extent this has been en- 
couraged, or rather several small channels hare 
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been formed in order to keep the sewage from 
flowing down in one large one. 

There was scarcely any trouble from frost in 
I ho winter of 1891-2, the little occurring at one 
corner of the fiehl. 

At the pumping station and tanks only a very 
f^light odor was noticed, and the same was true 
when standing on the broken stone at the top of 
the hill. On the hillside where the sewage was 
bt'ing applied no odor was noticed. The whole 
area was remarkably free from any suggestion 
of sewage. 

As the sewage came from the middle gate of the 
ilistributing well at the top of the hill it was 
<loudy and like any sewage not affected by manu- 
facturing wastes. At the second barrier, counting 
the dam of broken stone as one, little change was 
noticed, perhaps because the sewage came quite 
ilirectly and rapidly from the first through two 
or three channels. At the third barrier the sew- 
nge was clearer and a dog drank freely of it. 
Behind the fourth barrier a clear looking liquid 
four or five inches deep was found. Below 
the last barrier no sewage could be seen. At 
Iphan Creek, which flows through the grounds, 
there was evidence of some seepage through the 
walls of the creek below the section which was re- 
ceiving sewage, but the seepage was slight and 
might have been natural. At the ends of the drain 
and trench of broken stone no effluent was dis- 
cernible. The creek showed no signs of pollution 
by the effluent, and small fish were observed in it. 

In the pumping station there was a corked bottle 
of sewage taken in August, 1891, after having 
passed through three baiTiers. It was slightly 
flocculent at the bottom and on being uncorked 
gave off a faint odor. In Mr. Smith's office was 
another corked bottle of the effluent, said to have 
been taken Aug. 31, 1891, which appeared to be 
clear and colorless and was without odor. 
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At least five crops of grass were raised on each 

side of the creek in 1892, and a man was en- 

);aged in raking up a fair crop of grass from the 

field north of the creek on th-e day of the writer's 

risit, Oct. 27. 

Pullman, 111. 

The sewage farm at Pullman, like Pullman itself, 
lias attracted much attention from engineers and 
others. A detailed description of the farm and the 
sewerage system was given over ten years ago in 
lOngineeriu}; News,* less than a year after it was 
put in operation. Information regarding the present 
api>aratus (»f the sewerage system and sewage farm 
and other facts of interest have just been fur- 
nished us by Mr. Duane Doty, C. E., engineer for 
ihe Pullman company. This information has been 
combined with such of the matter previously pub- 
lished as is necessary to make the present article 
(*omplete and intelligible in itself. Mr. Benezette 
Williams, C. E., was engineer for the whole system, 
and Mr. E. S. Chesbrough, M. Am. Soc. C. E., 
was consulting engineer. 

Pullman is situated upon the west shore of Lake 
Calumet, 14 miles south of the Chicago Court 
House, where the Pullman interests have about 
4,000 acres of land. It is reached by the Illinois 
Central Ry., and by recent annexation now forms 
a part of the city of Chicago. Lake Calumet is 
3V^ miles long by 1^ miles in width, and connects 
with Lake Michigan by the Calumet River. Ac- 
<:ording to Mr. Williams' description in 1882, Lake 
Calumet is from 1 to 8 ft. deep, and connects with 
the Calumet River by a small channel. With vary- 
ing stages of water the lake discharges into the 
river or water from the river into the lake. 



•BnelDeering News, June 17, 1882. The description 
was Slightly condensed from a paper on "The Pull- 
man Sewerage," by Benezette WilliamB, O. B., engi- 
neer for the system, read before the Western Society 
of Engineers, June 5, 1882, and published In the 
Journal of the Association of Bogineerlng Societies." 
vol. I., pp. 811-319. « o -f 
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The land upon which the city stands is blue clay, 
00 ft. in depth, resting upon lime rock, and its sur- 
face is from 9 to 20 ft. above the lake level. 

Work was begun upon the town by the Pullman 
t'alace Car Co. in May, 1880; the first family 
went there Jan. 1, 1881, and it now has a population 
estimated at 12,000. The present industries there 
are the Pullman Car Works, employing over 4,000 
operatives, the Allen Paper Car Wheel Works, the 
Union Foundry, the Pullman Iron & Steel Works, 
the Standard Knitting Mills, the Paint Works, the 
Terra Cotta Works, the Screw Factory, and the 
Drop Forge & Foundry Co.'s Works. These vari- 
ous industries, with the car works, employ a total 
of about 5,500 operatives. 

Oct. 18, 1881, the sewerage system was put in 
operation by starting the sewage pumps. Lake 
Calumet not being a suitable body of water to re- 
ceive the sewage of Pullman," and an outlet to 
Lake Michigan requiring pumping through 6% 
miles of pipe, it was decided to purify the sewago 
by broad irrigation, supplemented by intermittent 
filtration. 

The separate system of sewerage was adopted to 
save expense and insure better results at the dis- 
posal works. The latter part of October, 1892, 
there had been laid 10,230 ft. of brick and 140,236 
ft. of vitrified pipe storm sewers, the latter in- 
cluding drains for storm water from over 1,800 
tenements. The brick storm sewers are laid in the 
middle of east and west alternate streets and 
discharge into Lake Calumet. The pipe storm 
sewers are of the following sizes and lengths: 

Size. Ft. Size. Ft. 

18-in 1,826 9-in 14,537 

15-in 16,223 6-in 73,072 

12-in 13,458 4-in - 21,120 

Total 140,236 

To Oct. 22, 1892, the extent of the vitrified pipe 
sanitary sewers, by sizes, was as follows: 
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Size. Ft. Size. Ft 

18-ln 4,340 9-in. 7,210 

15-ln 3,170 6-in 32,250 

12-in 1,220 4-in 31,350 



Total 79,540 

Manholes are placed from 140 to 165 ft. apart, 
and on the sanitary sewers have perforated covers, 
provision being made for the catching of the dirt 
which passes through the perforations. 

The 9, 12, 15 and 18-in. sanitary sewers are 
flushed directly from the water mains. Additional 
flushing is secured, or was in 1882, from automatic 
flushing basins which receive all but the water 
closet wastes of several houses and discharge it by 
means of siphons. The basins also act as grease 
traps, the siphons being especially designed to re- 
move grease and scum from the basins. 

Sewage is received in a 300,000-gallon reser- 
voir, 60 ft. in diameter and 15 ft. deep, located 
beneath the water-works tower. The outlet sewers 
at the reservoir are about 16 ft. below the general 
grade of Pullman. 

The reservoir is ventilated by means of eight 
flues, each 165 ft. high, lined with 12-in. sewer 
pipe, built into the buttresses of the water tower, 
and also by a 20-in. pipe leading to the chimney of 
the car shops. 

Both the sewage and water-works pumps are 
placed about 10 ft. below the ground surface on a 
masonry floor, supported by piers, covering the 
sewage reservoir. There are two 2,500,000-gal- 
lon pumping engines, built by the Cope & Maxwell 
Manufacturing Co., of Hamilton, O. The pumps 
have special valves, described in Engineering News 
of June 17, 1882. Co-nnected with the force main at 
the pumps is a stand-pipe with an overflow 54 ft., 
and a second, 90 ft. above datum (not defined). 
These overflows connect with the reservoir, so 
if all the outlets at the farm were by • accident 
closed without the pump being stopped no accideqt 
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could occur. A 20-in. force main about three 

miles long leads to the sewage farm. 

The amount of sewage pumped yearly from the 

reservoir to the sewage farm has been as follows: 

Year Gallons. 

1^ 211,020,160 

1 883 ■.*.*.'.*.'. '. ' 358,354,420 

1884 443.815.480 

1885 468,302,120 

1886... 472.748,080 

1887 573,700.640 

1888: : : : . : 588,607,760 

IssS 602.250,000 

isoo". : ; ; ; ; 657,ooi,36o 

isoi 617.664,000 

18i)2"(9' months) 513,996.060 

The amount given for the nine months of 1892 is 
:it the annual rate of 085,328,090 gallons. 

The cost of operating one pump for 20 hours and 
l)uu>ping 1,800,000 gallons of sewage is given by 
Mr. Doty, as follows: 

Cost of coal used ^^'I? 

(3o8t of oil and waste ^ -57 

Kiigineer's wages 3.7.o 

Total $6.05 

This is at the rate of $3.36 per million gallons. 

Fig. 56 is a photographic view of the tower and 
Fig. 57 a vertical section through half of it. This 
unique structure, with its many uses, is 68 ft. 
square at the base, changes to octagonal form, as 
shown by the view Fig. 56, and is 195 ft. high to 
the base and 210 ft. to the top of the flagstaff. 
The foundation extends nearly 40 ft. below the 
ground surface, where it rests on a very hard blue 
clay. 

The tower was built to afford elevation for the 
water tank at its top, which is of boiler iron, 55 
ft. 10 ins. in diameter, 30 ft. 1 in. deep, and has 
a capacity of about 550,000 gallons. The tank is 
supported by iron trusses, resting on four wrought- 
iron columns, which extend to the foundations. 

In December, 1890, the second floor of the tower 
was occupied by the electrical department of th© 
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t'ulluiaii car shop; the third aud fourth floors were 
used for inakiug mirrors aoil other glass work; 
llie fifth floor wns occupied by a branch of the 
l)aiDt depart ID en t, and the floors above were used 
for light storage, elevators beini; provided to reach 
the different etories. 



The building at the right of the tower contdins 
the Corliaa engine which furnisheil power for Ma- 
i.'hinery Hall at the Centennial Esposition at 
Philadelphia in 1876. This eqgine has been in oper- 
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ation at the Pullman Car Works since April 6, 
1881. 

The accompanying illustration, Fig. 58, shows the 
screening tank and automatic regulating valve at 
the farm end of the force main. The following 
description of these devices is from Mr. Williams' 
paper, mentioned above: 

The farm end of this main connects with a closed 
screening tank, by meanp of which all material that 
will not pass through a screen of ^in. mesh is in- 
tercepted. The tank is 6 ft. in diameter and 24 ft. 
long, made of ^-lu. boiler iron. It is set vertically, 
with its lower end high enough above the floor to 
admit of a wagon being driven under it. The material 
Intercepted by the screen is lodged in the lower part 
of the tank, from which it is removed from time to 
time. 

On leaving the tank the sewage passes through a 
pressure regulating valve, which limits the pressure 
that comes upon the pipes leading to the flelds to about 
10 lbs. As an additional precaution against high pres- 
sure, an overflow pipe is provided, which will absolutely, 
under all conditions, prevent the pressure from risiug 
above the limit. This pipe comes into play occasion- 
ally when the pumps are started suddenly, without 
giving the valve time to act. The valve is purposely 
made to act slowly, in order to avoid the influence of 
pulsations in the engines, and irregularities from other 
causes. 

The action of the tank and valve are better under- 
stood by an examination of the accompanying draw- 
ing (Fig. 58). 

A pressure on the interior of the thin steel discs 
above the valve, raises the plunger and closes the 
port through which the sewage passes. If the pressure 
falls, the ports open gently. Vibrations of the valve j 

from sudden changes of pressure are prevented by a | 

plate between the valve and the steel disks, through \ 

small holes in which the sewage has to pass in order 
to increase or diminish the pressure on the discs. ! 

The upper part of the tank above the screen is an 1 

air chamber, and answers the usual purpose of such 
an adjunct in prevei»ting shocks from irregularities la ' 
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the pumps, or by the sudden stopplug of the flow of 
sewage. The tank and valves are housed in, and 
can be kept warm fo prevent freezing in cold weather. 
The reason for Introducing the pressure regulating 
valve between the screening tank and the field, is to 
make it possible to distribute sewage safely through 
clay sewage pipes under pressure. 

The sewage farm embraces 140 acres piped and 
nnderdrained for the reception and purification of 
sewage. All this land can be irrigated, and it is 
all nnderdrained. Vitrified pipe, from 6 ins. to 1 
ft. in diameter, conducts the sewage through the 
fields. This piping, laid from 5 to 6 ft. deep, and 
hydrants at convenient intervals of 300 or 400 
ft., distributes the sewage over the surface. 

The underdrains in the farm are of 3 and 4-in. 
farm tile, laid in rows 50 ft. apart. 

There are also 15 filter beds, about an acre each, 
formed by earth embankments, and underdrained 
with lines of farm tile said to be 2 "ft. apart. 

Mr. Doty states that the only analysis of Pullman 
sewage and effluent in his possession was made in 
the office of the Massachusetts State Board of 
Health, Nov. 30, 1887, with results as follows, 
analysis of water from the farm well being also 
jjiven for comparison: 

Ammonia, Chlo- Nitro- 

Pree. Albuminoid. rine. gen. 

Pure sewage. ...2.3000 .3200 1.08 None 

Filtered s e w- 

age from man- 

liole on filter 

bed 8500 .0480 2.31 1.560 

Filtered sew- 
age from 

m o u th of 

main under- 

drain 0026 .0108 3.78 .650 

Water from 

farm weU 0900 .0106 .1.78 .033 

Mr. Doty states that the use of sewage for 
growing crops depends upon the season. In dry 
seasons it is freely used with the vegetation need- 
ing it most. Irrigation is practiced at all seasons, 
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ami the wutcM- filters through the soil as well in 
the winter as during the summer. The crops which 
have so far proved most successful are onions, po- 
tatoes, cabbages, celery, beets, parsnips, carrots, 
sweet corn, and squashes. Potatoes are the least 
successful crop, celery, asparagus, and cauliflower 
coming next in order as not growing so well on 
this farm. Properly cultivated, twice as much can 
be raised on land irrigated with sewage as upon 
adjacent land unirrigated; and with onions the 
results are still better. It is stated that there never 
has been trouble with deposits of sludge upon the 
surface of the farm. 

The effluent from the farm passes through the 
underdrains into Lake Calumet. 

Regarding what proportion of the sewage is use*! 
for broad irrigation and what proportion is passed 
through the filter beds, and as to whether the 
sewage is always purified before passing into Lake 
Calumet, Mr. Doty sends the following, under date 
of Nov. 28, 1892, which he gives as "the language 
of the superintendent of the farm:" 

The sewage when not needed upon the fields of the 
farm is run onto the filter beds, and these filter 
beds are plowed up four or five times a year so as to 
loosen fhe soil and expose as much of It as possible 
to the air. At times, all the sewage is used upon the 
farm, and in wet weather not more than half of it. 
Some seasons have taken all the sewage upon the 
fields. At rare intervals only, when it has been neces- 
sary to clean the receiving tank at the farm end of 
the iron main, is raw sewage run Into Calumet Lake, 
and then for very brief periods, and not enough of it 
to do any harm. 

That this statement from the superintendent 
of the sewage farm is not in accord with observa- 
tions made at Pullman by five different persons is 
shown by the statements given below. The re- 
marks of Mr. Allen in the report mentioned and 
a conversation with Mr. Hazen, together with the 
fact that the Pullman plant has for inany years 
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been widely known and cited as a successful exam- 
ple of American sewage farming, led to a some- 
what thorough investigation of the subject, the 
results of which are herewith presented and need 
no comment further than the remark that because 
profit is put before purification at Pullman, it does 
not follow that sewage purification by means of 
broad irrigation is in any degree a failure. 

Mr. Geo. H. Benzenberg, M. Am. Soc. 0. E., 
City Engineer of Milwaukee, Wis., wrote as fol- 
ows on Nov. 21, 1892: 

I have not been at Pullman for a number of years, 
and hence cannot give you any information wtaatexer 
as to what they are doing there now, but I know that 
as early as previous to 1887, a large amount of crude 
sewage was run into Lake Calumet. This I found 
to be the fact upon a visit to the farm, and which 
finally the superintendent admitted aud excused by 
saying that It was necessary in order to save the crops. 
The sewage was being run in a large open ditch, cov- 
ered by bushes growing on each side, from near tbe 
farm to the lake. As to their success in disposing of 
sewage by intermittent filtration, I am not at all ac- 
quainted. 

About a month after the date of Mr. Benzen- 
berg* s letter, Mr. Rudolph Hering, M. Am. Soc. C. 
E., of New York, corroborated the above by stating 
that he visited the farm in 1886 and also in 1887. 
He found that a large amount of crude sewage had 
been run into Lake Calumet just prior to his visit, 
as the large open ditch leading from the farm 
to the lake was still partially filled with crude 
sewage. The superintendent likewise admitted to 
him that it was necessary to do this occasionally to 
save the crops. 

In his report on the "Sewage Disposal of Worces- 
ter" Mr. 0. A. Allen, M. Am. Soc. C. E., City 
Engineer of Worcester, Mass., describes a visit to 
the Pullman sewage farm, made January, 1887, "*» 
fo]low8; 
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The farm has an area of about 140 acres, nearly all 
of which is devoted to irrigation; there are 10 acres, 
however, set apart for a filtration area, this being 
thoroughly underdralned, the drains being about 2 fi. 
apart. 

Upon the day of our visit it was quite warm, the 
thermometer registering 40" F. We found that the 
sewage was being discharged upon the filtration aren, 
the first section of which was covered with sludge to 
a depth of about a foot. The sewage was running 
over this, to the second section, which was partially 
covered with ice, and then over the remaining arei, 
which was entirely covered with ice, and was finally 
discharged into the eflinent trench without having 
been filtered in the least. 

The entire area was completely covered with sew- 
age, and there was evidently no filtration taking place, 
as about the same quantity passed otl at the lower 
end of the beds as was discharged upon the upper end. 

The manager of the farm was away, but we were 
given the following facts by his assistant, which we 
subsequently verified: 

The farm is run for the purpose of maldng money, 
the purification of the sewage being a secondary 
consideration. 

During the summer months when vegetation has 
received all the sewage it will bear, it is simply 
turned into Lake Calumet in its crude state. 

We were told that not a particle of sewage has been 
applied to the farm proper this winter, it all having 
been simply passed over the area as already described. 

What Mr. Benzenberg, Mr. Hering and Mr. 
Allen saw and learned in 1886 and 1887, and more, 
was still to be seen and learned in 1891, according 
to a letter recently received from Mr. Allen Ha- 
zen. Chemist in Charge of the Lawrence Experiment 
Station of the Massachusetts State Board of 
Health. Mr. Hazen states the condition of the 
filter beds, and gives a mechanical analysis of the 
surface soil of the filter beds. His letter is as fol- 
lows: 

I visited the Pullman sewage farm in October, 1891. 
The superintendent was absent, and I was shown 
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aboQt by a man who had worked on the farm for 
some years. He told me that with J^he application of 
sewage, worms developed in the soil and destroyed the 
crops, and for thfs reason no sewage had been applied 
for two or three years. Large quantities of horse 
manure from Chicago stables are applied to the land, 
but no sewage whatever. After broad irrigation was 
abandoned, so-called intermittent filtration was tried 
oh ten acres of soil on which no crops were grown. 

The filter was not in use at the time of my visit, 
nor did it have the appearance of having been used. 
My guide thought that it was at least a month since 
any sewage had been applied, and a much longer 
time since any considerable quantity had been treated^ 
The sewage of the entire town was being turned di" 
rectly into Lake Calumet, from which quantities of ice 
for Chicago are cut. 

A sample of the surface soil of the filter had the 
following mechanical analysis: 

Finer than .24 mm 87% 

•* •« .12 •« 42** 

'* ** .'06 **!.*..'.*..*..*.*..!..*.!!.* '. 28'* 

'* " .03 ** 16 ** 

•* .01 ** organic 8 •• 

Albuminoid ammonia, 225 parts in 100,000. 

The analysis shows the material to be very much 
finer than the sands successfully used in Massa- 
chusetts, and it would hardly be possible to put upon 
it, with good results, any large volume of sewage. 

On Nov. 21, 1802, a representative of this paper 
visited Pullman. Neither the superintendent or 
foreman of the farm were to be found. The building 
which covers the screening tank at the end of the 
iron force main is represented as having "a de- 
cidedly shiftless and unused appearance," the in- 
terior being used as a storage room for plows, cul- 
tivators, harrows, including the part originally 
designed for loading wagons when cleaning out 
the screening tank. Sewage was found to be flow- 
ing through the ditch leading to Lake Calumet. 
This ditch is about 4 ft. wide, 2% ft. deep, and % 
miles long. Located on Lake Calumet are two large 
ice houses belonging to Swift & Co. 
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*J^he only person about, who said that he was a 
time-keeper, stated that the matter flowing in the 
ditch was the sewage as it came from Pullman and 
was all the sewage from the city. 

Berlin, Ont. 

So far as can be learned, the only sewage purifi- 
cation plant yet built in Canada, aside from a few 
for public institutions, is located at Berlin, Ont. ^ 
This plant consists of a sewage farm which will 
first be systematically operated in 1893. Mr. 
Willis Chipman, M. Am. Soc. C. E., of Toronto, 
Ont., designed the sewage farm, and Mr. H. J. 
Bowman^ Town Engineer, was in charge of con- 
striction. We are indebted to Mr. Ohlpman for 
the material from which this article has been pre- 
pared, and also to Mr. Bowman for the informa- 
tion mentioned below. 

Berlin is the county town of Waterloo County, 
and is located two miles north of the town of 
Waterloo, with which it is connected by a street 
railway. The population of Berlin, by the Cana- 
dian census of 1891, was 7,425 and of Waterloo, 
2,941. There are a number of manufactories in 
Berlin, including a large tannery and a glue factory. 

Water-works were built by a company in 1888. 
The construction of sewers was begun in 1892, and 
is still in progress. To March 1, 1893, about 6,000 
ft. of 12 and 9-in. sewers had been built, as also 
the outfall sewer, which is about 10,000 ft. long 
and 18 and 15 ins. in diameter. In March the 
quantity of sewage was about 50,000 gallons per 
day, dilu-ted by some 75,000 gallons of subsoil 
water. In January, 1893, the temperature of the 
sewage at the farm was about 48° F. 

The grading of the farm was completed late in 
ld92. During the winte:, sewage has been applied 
to the farm, but not systematically. The sewage 
has a very dark color, and when stagnant for a 
short time gives off a highly offensive odor. 



•" 




Carptr 
liispecrion 



Comer 



Bar 



82 

The farm is located about 1% miles south of the 
town hall and a mile south of the closely built-up 
section of the town. A stream with a summer flow 
estimated at 200 cu. ft. per minute passes through 
the farm and receives the effluent, as shown by 
the plan» Fig. 78. One branch of this stream is the 
natural drainage channel of the town, and from 
the other a part of the public water supply is 
pumped. About two miles below the farm the 
main stream is panded so as to back water for 
al)out a half-mile. Between the pond and the 
farm the stream has a rapid, unobstructed flow. 
There are farmhouses near the sewer farm, the 
nearest one being about 100 yds. from the end 
of the outfall sewer. 

The farm bought by the town has an area of 
about 20 acres, nearly an acre of which is included 
in the bed of the stream. The total area pur- 
chased, aside from that occupied by the brook, can 
be used for sewer farming by grading, as the great- 
est elevation of the tract is only 3 ft. above the end 
of the outfall sewer. 

Most of the surface soil is loamy or sandy, with 
a subsoil of gravelly clay. In places pockets of 
sand and gravel were found in a tough clay soil, 
and in other places there were shallow deposits of 
vegetable mold. The treatjnent of these irregulari- 
ties in the soil is not stated in the information at 
hand. 

About eight acres of the farm have been graded 
and underdrained, as shown in Fig. 78. The under- 
(Irains are of 3 and 4-in. tiles, with open joints. In 
lines 16% ft. apart. 

A section across the farm, parallel to the drains, 
is shown by Fig. 79. Inspection boxes, 6 ins. 
square, made of plank and covered, are provided 
at each end and the middle of the underdrains. 
^yells have been dug, as shown in plan, by Fig. 78, 
to facilitate observations of the height of the sub-, 
soil water. The trenches in which the underdrains 
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nre laid were backfilled for about a half of their 
lower portion with gravel from a pit about a half- 
mile distant. 

It will be seen by referring to Fig. 78, that a 
stream which formerly entered the west comer of 
the farm has been diverted to a 7-in. pipe, anxi that 
the brook below the point where the effluent is dis- 
charged has been straightened. The plan and the 
section, Fig. 79, also show that a deep subsoil 
drain, ending in the 7-in. pipe just described, has 
been built along the west border of the farm. 
This was laid to divert as much subsoil water from 
the farm as possible. 

The location of the two main sewage carriers is 
shown by the plan. Fig. 78. The upper carrier 
from the sewer outlet to the point A is made of 
an 18-in. split pipe, bedded in sand and gravel. 
The other carriers are simply ditches. A channel 
has been built across the farm to the brook to per- 
mit the discharge of sewage directly into the brook, 
if desired. 

Mr. Chipman has recommended that Italian rye 
grass be raised on the two north divisions of the 
farm, and on the remainder mangolds and the other 
root crops, onions, oats and clover. On the low 
land bordering the stream osiers are proposed, they 
being raised for profit in Brantford, Ont., where 
dependence is had upon the freshets of the Grand 
River for irrigation. 

Mr. Chipman states that the farm is suitably ar- 
ranged for every known system of irrigation and 
every variety of crops, and that if properly oper- 
ated he believes it could be made to pay running 
expenses, not including interest on its cost. He 
also states that it is quite probable that two of 
the four divisions of the farm will be converted 
into level areas this season. 

No settling tank has ])een provided at the 
farm, preference being given to the application of 
solid matter directly to the land, where it can bq 



dug in, or from which it may be raked off, as is 
found most de<sirable. 

When the amount of sewage exceeds the capac- 
ity of the farm filter beds can be constructed at 
its south end with gravel from the pit already men- 
tioned as being located a half mile from the farm. 

Mr. P[. J. Bow mm, Town Engineer, informs us 
that $2,000 was paid by the town for the sewage 
farm of 20 acres, and that the cost of grading 
and underdraining the portion now ready for use 
was about $3,000. These items of cost are paid 
from an Lssue of sewer bonds bearing 5% interest, 
but the bonds sold at such a premium as practically 
to make the rate of interest 4^%. 

Greenfield, Mass. 

A few words may be said regarding the sewage 
disposal of this town. It appears that the method 
adopted was designed to utilize the sewage and with 
no idea of purifying it, but as the same plan with 
slight elaboration might often be employed, and in 
fact is so employed, both for utilization and puri- 
fication, a brief description of it will not be out 
of place. 

The population of Greenfield in 1890 was 5,252. 
Water-works were built by the fire district in 1870. 
A main sewer was built about ten years ago. It 
seems that when this sewer was built the owner of 
some meadow land arranged to have the sewage 
brought to the land, which was near a stream of con- 
siderable size. The outfaill sewer, a circular brick 
sewer about 2 ft in diameter, was therefore abruptly 
terminated at the edge of a road embankment a 
few feet above the meadow, and beside a small 
stream. The mouth of the sewer was rudely closed 
with plank and the sewage diverted to a wooden 
flume and thence to a SL'wer pii)e extending down 
the embankment, and, apparently, out on the meadow 
to a hole in the ground. Ditches extended over the 
meadow for the distiibution of the sewage. 
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In June, 1892, when the writer visited Greenfield, 
no efforts were being made to control the flow of the 
sewage, the owner of the land having recently died. 
Some of the sewage was leaking from the flume and 
sewer pipe, flowing directly into the brook, and some 
was going down onto the meadow. Parts of the 
meadow had apparently been flooded with sewage 
during the spring. In places the grass was growing 
luxuriantly. 

So far OS could be learned, the owner of the land 
gained an advantage from putting the sewage upon 
it while he Hved, and since his death the matter has 
been- neglected. The town clerk of Gi'eenfield, Mr. 
P. L. Greene, thinks that the sewage of the town 
has increased beyond the capacity of the land. 

Through neglect the outfall end of the sewer, in 
June, was in a very objectionable condition. It is 
close by two or three houses, and deposits of solid 
matter were putrefying and giving rise to very offen- 
sive odors. But this, it must be remembered, is all 
owing to improper construction and neglect. 

In the West the sewage of several cities is used 
during the summer months for irrigation, more to 
eke out scanty water supplies than to fertilize the 
crops by applying sewage. Why cannot the same 
thing often be done in the East, where a gravity out- 
fall sewer and tillable land can be brought together? 
This might not often be practicable except in con- 
nection with small towns, but growing demands for 
sewage purification will make the idea worthy of 
consideration in at least a few communities. It often 
happens that crops are light in the East through lack 
of rain, when there is sewage which might' at a 
nominal expense be diverted to some of the parched 
fields, giving moisture and fertilization at the sanu; 
time. Of course the best plan in many instances 
would be to establish a sewage farm. When purifi- 
cation is desired filter beds could be combined with 
the farm to care for the sewage when irrigation is 
pot needed, or, if only the removal of the grosser 
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organic matter from the sewage was desired settling 
tAnks could be used, and the sediment, or sludge, be 
made into a compost for a fertilizer. With the latter 
plan sewage could be partially purified at a very 
small expense the year around, and, if tillable land 
were near, the terrors of a drouth could always be 
averted over a greater or less aroa, depending both 
upon the amount of sewage and land in proximity 
bo each other. 

In connection with the above it must be said that 
eastern farmers, at least, are very conservative, and 
through conservatism or neglect might not utilize 
sewage in the ways mentioned. In fact, at South 
Framingham and Amherst th<e farmers have not 
availed themselves of the opportunity afforded to 
utilize sewage on their land. Eastern farmers, how- 
over, know nothing of the practice of irrigation, and 
in the West sewage is already used for that purpose. 

THE USE OF SEWAGE FOR IRRIGATION IN THE WEST. 

Considering the general development of the two 
sections of the country, the western part of tno 
United States has been more forward in the purifica- 
tion of sewage than the eastern. This is accounted 
for in thTee ways: (1) The very low stage of west- 
ern streams during the hot dry season often renders 
sewage discharged into them an unbearable nuis- 
ance, or there may be no natural stream near by or 
sufficient size to receive sewage. (2) The famil- 
iarity of the people with irrigation, and (3) tlie 
value of all available water for this purpose nat- 
urally leads to the application of sewage to cropa 
when any method of purification is necessary. 

For the above reasons all but two of the sewage 
purification plants west of the Mississippi River 
employ irrigation, and one of tlie two exceptions, 
Hastings, Neb., uses intermittent filtration and 
-will probably raise crops eventually, while the 
other, Leadville, Oolo., only strains the sewage 
through a small area of sand. 
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As shown below eight of our western towns aj*(* 
prepiired to apply sewage to land for irrigation tn 
the season of 1893. In addition, Los Angeles may 
also be ready to so dispose of its sewage in 1895, 
and until three years ago had been so doing tor 
some time, while at Cheyenne, Wyo., sewage was 
for seven or eight years delivered into an irrigat- 
ing ditch and used for irrigation, this use bemg 
stopped only by a change in the outlet sewer. 

Som-e of the leading points regarddng these sew- 
age farms are given in the accompanying tab\f, 
fi\>m which it appears that sewage was first used 
for irrigation at Cheyenne, Wyo., probably in 
1883. It is not certain when the sewage of 1jo» 
Angeles was first applied to land, the information 
at hand referring to the "boom" period as a time 
when the use of sewage began to be discontinues 
on account of cutting up the sewage irrigated land 
into building lots. 

Where domestic water supplies are not affected 
it is evident that sewage purification is most 
needed in the summer time, when the sewage flow 
is largest, the stream® the lowest and, in tTio 
West, very fortunately, water for irrigation in great 
demand. This combination of circumstances fa- 
vors sewage farming in the West, and seems likely 
to lead to the adoption of this mode of purification 
in many other western towns. In several in- 
stances the farmers seem to have doubted the 
practicability of applying sewage to crops, but 
upon trial they and their neighbors have become 
convinced of both the practicability and value or 
the process. There seems to be reason for believing 
that vrith good management many of our western 
cities can materially reduce the cost of desired 
sewage purification systems by utilizing the sewage 
for irrigation. Oftentimes such utilization would 
either render long outfall sewers unnecessary, or, 
where these pass through irrigable country the 
sewage could be sold, as ia proposed at Los An- 
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geles. As we bave previously suggested, this 
latter possibility is also worthy of consideration 
iu the East, wherever outfall sewers could be made 
to serve cultivated or pasture lands. Where sew- 
age purification is necessary it should always T)e 
placed before revenue, and as yet no profit-making 
method of sewage purification has been deviseiT, 
nor is on« likely to be soon; but the expense of 
sewage purification, at least in arid or semi-arid 
ivgions, can certainly be materially lessened by 
using the sewage for irrigation. Th«e subject is 
well worth study, for the common mode of sew- 
age disposal by discharging it into streams, ofton 
those used for public water supplies, cannot au<i 
will not always be tolerated. Massachusetts and 
a few other states are already protesting againsi 
the practice, and others will follow, let us hope, 
with rapidity. 

The use of sewage for irrigation in the various 
localities mentioned in the tiible is described . m 
detail as follows: 

Colorado Springs, Colo. 

Colorado Springs adopted the method of sewage 
disposal described below in order to avoid law- 
suits instituted to prevent alleged stream pollution 
by sewage. 

The population of the city increased from 4,226 
in 1880 to 11,140 in 1890. Water-works were built in 
1879 and a sewerage system in 1888. Sewage was 
first used for irrigation in 1889. Jan. 1, 1893, there 
were in use 20.4 miles of separate sewers, 23*.i 
manholes, all with perforated covers, 683 house 
connections and 18 flush tanks. 

A statement of the causes which led to the use of 
sewage for irrigation, and a description of the sew- 
age farm have been sent to us by Mr. H. I. Ueid, 
City Engineer and engineer of the disposal plant, 
as follows: 

In the utilization of sewage for irrigation pur- 



90 

poses at Colorado Springs, po attempt is made 
toward treatment or purification otlier than by 
natural means and in a rather primitive manner. 
The system was adopted as a compromise measure 
to avoid suits for damages for the alleged pol- 
lution of the stream into which the outfall sewer 
originally emptied, "Fountain Qui Bouille," com- 
monly known as Fountain Greek. This stream has a 
normal flow at the sewer outlet of 50 cu. ft. per sec- 
ond, but at times during the irrigating season tbis is 
reduced to almost nothing, although during the 
same season floods may be expected, when for a 
few hours or days the creek becomes a swift flow- 
ing river, with a fall of 30 to 40 ft. per mile. 

The original sewerage system was put in oper- 
ation in 1888. The following year a ranchman, liv- 
ing some two miles below the outlet point, shown 
in Fig. 68, instituted injunction proceedings to pre- 
vent the sewage from being turned into the stream, 
claiming that his well, situated near the stream, 
was so polluted as to render it unfit for drinking 
purposes, and that the water in his irrigating ditch, 
the head gate of which is % miles below the 
sewer outlet, was so foul that stock would not 
drink it. Before the. suit came to trial the city 
council appointed a committee, of which the writer 
was one, to try and arbitrate the matter. This was 
done and the suit was withdrawn, the city paying 
all costs of proceedings to that date, and agreeing 
to divert the sewage at some point on the outfall 
and utilize it for irrigation on the lands designated 
on the accompanying map. Fig. 68. 

A contract was made between the city and the 
owner of this land, whereby the city was to ae- 
liver the sewage at the point B, Fig. 68, by the 
line A B, and to pay annually $300 for five years, 
said owner to receive the sewage at this point and 
use the same for irrigation purposes in such a 
manner as he deemed best, provided, however, that 
he prevent the sewage from flowing directly into 
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of irrigation was not satisfactory to the ranchman 
bringing the suit, or to the city, then the city 
should have possession of the land and use such 
methods as it thought best. At the expiration of 
the contract the city has the option of buying the 
land at a stipulatcMl sum, and probably will buy 
it, although there are now many parties who would 
pay for the sewago delivered to their land. 

The city tapped the outfall at the point A, Fig. 68, 
and by means of an underground wooden conduit on 
a less gradient than the original outlet delivered 
sewage on the surface of the ground at the point B, 
whence the lessee takes charge of it and delivers 
it to grounds by the ditches B E, and BOD, 
and thence by laterals to any desired point. 

The map shows that many years ago the stream 
followed a different channel than the present one, 
tlie depression of which extends through the en- 
tire tract from west to east, and is from 3 to 4 
ft. lower than the north bank of the creek at 
corresponding points at right angles thereto. The 
old channel is the medium whereby the surplus 
sewage is carried off without flowing directly into 
the creek. 

The sewage is distributed by means of small 
ditches or furrows through the garden tract, 
whence all liquid matter not absorbed by the 
earth flows back into this old channel, and thence 
into the depressions, forming small reservoirs at 
H, I, L, Fig. 68. The small laterals radiating 
from the main ditch irrigate the northern portion 
of the lands, and in a similar manner any surplus 
flows into the same reservoirs. During the irri- 
gation season, which, in this instance, is from 
March 1 to Nov. 1, there is but little surplus, 
the character of the soil being such that the 
greater portion is absorbed or carried off by 
underflow. 

In constructing the outlet sewer, we found 



throughout this entire tract of valley land from 
the surface to a depth of 2 or 3 ft. loose black loam, 
then a 2-ft. stratum of sand, below which was 
coarse gravel and sand, through which water was 
flowing with considerable velocity, so that at a 
depth of 6 ft. it was found necessary to dig a par 
allel and deeper trench to carry off the water, in 
order to facilitate pipe-laying. This probably ex- 
plains the rapidity with which the sewage matter 
is absorbed when applied for irrigation. As soon 
as sufficiently dry, after each application of sewage, 
the soil is thoroughly pulverized and any accumula- 
tion of solid matter turned under before receiving 
more sewage. 

When irrigation is not in progress the entire flow 
is carried through the main ditch and emptied into 
the old channel and depressions mentioned. The 
upper pools or reservoirs. Fig. 68, were ploughed 
out by the action of surface water; the lower or 
most easterly one is a reservoir, the dam of which 
was built up through a similar agency. Immedi- 
ately north of the railway tracks are sand and 
gravel hills, some 200 ft. higher than the valley 
and very steep. During the rainy season flood 
water flows into Fountain Creek, across the valley 
at right angles to the old channel. At such times 
the debris brought down has l>een deposited upon 
the lower level of the valley and a sand dike 
several hundred feet wide and 5 or 6 ft. higher 
than the lowest portion of the valley has been 
formed, thus converting the valley at this point 
into the basin, K, Fig. 68, the area of which is 
some three or four acres. All surplus sewage mat- 
ter collects in this basin and rapidly seeps away 
into the underflow and finally into the creek. All 
solid matter is deposited in the basin, and that 
it will in time cement the bottom and fill it up is 
very probable, but no trouble of this kind has been 
experienced to this date, and to all appearances 
there is very little deposit of any kind. It is 
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said that no unpleasant odor is experienced on any 
portion of the farm at any time. 

So far as practical results are concern-ed the 
disposal area is a success, inasmuch as the city 
is relieved of costly litigation, and also from the 
care and maintenance of the outlet lines. The 
lessee is well pleased because of the enormous 
(Tops raised and lack of trouble from the vexatious 
problem of "priority of water rights." The amus- 
ing side of the situation is that the ranchmen sev- 
oral miles below the outlet, seeing the sewage farm 
well supplied with water at times when they had 
none, threatened to enjoin the city from using it 
for this purpose, and compel the sewage to be 
turned into the stream for their benefit. 

The sewage farm comprises at present an area 
of about 35 acres, but may be added to as future 
needs require. In 1892 the sewage waa used on 25 
acres, 15 in meadow and alfalfa and 10 acres in 
vegetables, but a larger acreage could be used 
with the present amount of sewage. The crops 
produced are enormous, and owing to close proxim- 
ity to the market the farm is a paying investment. 
As already stated, the city has nothing to do with 
the management of the farm, but the probabilities 
are that when the lease expires the city will buy 
the farm and enlarge the system. 

Tinder date of Jan. 24, 1893, Mr. Reid wrote that 
ht' had recently visited the sewage farm, and found 
the sewage running directly into the creek through 
a ditch cut from the reservoirs, shown in the plan. 
Fig. 68. This is in direct conflict with the terms 
(»f the agreement, but it may be that it was done 
to flood the lands of ranchmen below, who have 
recently been willing to take all the sewage they 
can get. 

Trinidad, Colo. 

The city of Trinidad is divided into two parts 
by the Las Animas River, a comparatively small 
stream during much of the year. The farmers be- 
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low the city depend npon ditches leading from the 
river for water for domestic use, which makes es- 
pecially necessary some form of sewage purifica- 
tion. Following the advice of Mr. Nerval W. 
Wall, City Engineer, it was decided to purify the 
sewage by irrigation. A contract was therefore 
made with Mr. Jas. M. John, who was mayor at 
the time, to receive and dispose of the sewage on 
land owned by him, the city paying Mr. John $500 
per year and delivering the sewage to him. 

The population of Trinidad in 1890 was 5,523, 
and in 1880 it was 2,22G. A public water supply 




Fig. 69. Sketch Plan of Sewage Farm, Trinidad, 
Colo.; Nerval W. Wall, City Engineer. 



was introduced in 1879 by the Trinidad Water- 
Works Co. A sewerage system was put in oper- 
ation in 1892, the outfall sewer having been com- 
pleted about three months before the close of the 
year. Mr. Wall was engineer for the system. 

On Jan. 1, 1893, there were in use two miles of 
separate sewers, 18 ventilated manholes, two 
Rhodes-William flush tanks and 12 house connec- 
tions, mostly public buildings. 

An 18-in. vitrified outlet sewer 7,100 ft. long leads 
from the city to the sewage farm. This outlet has 
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a calculated velocity, when running full, of 2.58 
ft. per sec. 

At the farm end of the outlet sewer there is a 
masonry settling tank 50 ft. long, 5 ft. wide and 
4 ft. deep. Mr. Wall states that in time of an epi- 
demic the tank can be used to disinfect as well as to 
precipitate the sewage; also that more tanks are 
proposed when the sewerage system is extended. 

The sewage farm slopes toward the Las Animas 
Uiver at the rate of from 2^ to S% ft. per 100, 
and is laid out with embankments following nat- 
ural contours, as shown in Fig. 69, except that a 
total of 15 embankments have now been made. 
The embankments are from 25 to 50 ft. apart and 
average about 1,500 ft. in length. Wooden sluice 
boxes provide means for the passage of sewage 
through the embankments to lower areas. To the 
close of 1892 about $1,200 had been expended by 
Mr. John in preimriiig the farm to receive sewage. 

It is stated that blue grass is proposed as a crop 
on the farm, as it will stand more frequent irri- 
gation than any other crop. 

AVe are indebted to Mr. Wall and Mr. John for 
the information presented, a part of which, only, Mr. 
Wall gave in a paper read before the annual meet- 
ing of the American Society of Irrigation Engineers 
in Denver near the close of 1892. 

Fresno, Gal. 

A very interesting example of the use of sew- 
age for irrigation is found at Fresno, Cal., where 
the city pays $5,000 per year for the disposal of 
the sewage, and the fortunate man who receives 
the money distributes the sewage over land which 
he rents to Chinamen for market gardens. 

The population of Fresno increased from 1,112 
in 1880, to 10,818 in 1890. A public water sup- 
ply was introduced in 187G by the Fresno Water 
Co. The city put a sewerage system in operation 
in Janu.nry, 1890. Shepard & Tollman, of FresBO, 
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Were engineers for the system, Mr. J. O. Shepard, 
of the firm, having been city engineer at the time. 
Sept. 5, 1892, there were included in this system 
about eight miles of sewers on the separate plan, 
not including the outlet sewer, which consists of 
about 4% miles of 24-in. Titrified pipe laid to a 
grade of 3^ ft. per mile. The last three miles of 
the outlet sewer is ventilated once in every 1,000 ft. 
by a 24-in. vertical pipe extending above the 
ground. Jan. 1, 1893, there were in use about 
600 house connections and six flush tanks. In ad> 
dition to the flush tanks there is at four points a 
continuous flow of water into the sewers about 
equal to a 2-in stream under a 6-ft. head. The 
lower end of the outlet connects directly with an 
irrigating ditch. 

We are indebted to Shepard & Tollman for the 
information here given regarding the sewage farm, 
the remainder of which is presented practically a& 
reported by them on Sept. 5 and Oct. 21, 1892, as 
follows: 

Prior to the construction of the sewers the 
city trustees thought the disposal of the sewage 
the great obstacle to be overcome; therefore they 
called for proposals to take care of the sewage for 
five years, the successful bidder to give a bond of 
$10,000 to protect the city from all damages which 
might arise therefrom after its delivery at the end 
of the pipe. Alexander McBean, of Oakland, was 
the lowest bidder, and his bid of $5,000 per annum 
was accordingly accepted. The contractor pur- 
chased 80 acres of land at the end of the outlet 
sewer, and for one year the sewage ran upon that 
land without any attention or care, except when 
occasionally some neighbor saw fit to take it for 
irrigation. The second year the contractor con- 
structed ditches and leased the land to Chinamen 
for vegetable gardens, and for two seasons it has 
been used for irrigatikig gardens and vineyards. 
Mr. H. Burley, of Fresno, superintends the rent- 



ing of the land, which is all under cultivation with 
all the yarious kinds of yegetables commonly in 
the market, such as potatoes, yams, parsnips, let- 
tuce, celery, beans, peas and corn. It is customary 
to irrigate yegetables in furrows only. Trees and 
vines would be irrigated in furrows also. Grasses 
would be flooded, but we have no knowledge of 
sewage being used on grasses. 

As to the amount of sewage used on the 80 acres, 
we cannot say. The 24-in outlet seWer on a grade 
of 3*^ ft. per mile runs continuously, we should 
judge, about one-third full, but what proportion of 
the flow is used on the sewage farm we do not know. 

Mr. Burley, the superintendent of the farm, 
states that he can see no difference between irri- 
gating with sewage and clear water. It is possi- 
ble that the land may produce good crops longer 
by the use of sewage, but that is to be proved. 
The general impression is that sewage is superior 
to water for irrigatioq. The sewage farm is an ex- 
ceptionally poor piece of land, but it produces 
pretty well with sewage irrigation. We do not 
know what a similar piece would do with clear 
water only. 

When put upon the land, without more dilution 
than is given by the flushing water, unless the 
land is cultivated within a day or two, there is 
quite a stench, but when cultivated this disappears. 
There has been no complaint regarding the sewage 
farm, and the $5,000 is a yearly pension to the 
contractor. 

When not needed on the farm, the sewage is al- 
lowed to float in the irrigating ditches for miles 
beyond, in which way it becomes very much di- 
luted, and in the irrigating season is used through- 
out the country below the sewage farm proper. 

Pasadena. Oal. 

After an unfortunate experience with the Paeifle 
Sewage Co., an organisation wihich agreed with 
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the city to construct a disposal system similar 
to that in use at Atlantic Oity, N. X, but 
failed to do so, and after two years of 
litigation over the right of way for the out- 
let sewer, the city of Pasadena in the middle or the 
latter part of 1892 began the preparation of a 
farm for the disposal of the sewage of the city. 
It is* expected that this farm will be put in use 
in the season of 1893, as decribed below. 

The city is of comparatively recent origin, its 
population in 1880 haying been but 391. The pres- 
ent population is estimated at 6,000, the last census 
showing' 4,882 inhabitants. Water was supplied 
here, probably in connection with irrigation works, 
as early as 1869, and at present several companies 
operate works. The construction of a sewerage 
system was begun in 1887, but for the reasons 
stated above there has been much delay in pro- 
viding for the disposal of the sewage, which has 
prevented the making of house connections, al* 
though in 1891 nearly five miles of sewers had 
been built within the city limits. Mr. August 
Mayer, of Pasadena, is the engineer for the whole 
system, which is of the separate type. We are 
indebted to Mr. Mayer for the following informa- 
tion relating to the sewage farm, the matter hav- 
ing been prepared in November, 1892: 

The city of Pasadena lies in the midst of the San 
Gabriel Valley, at the foot of the Sierra Madre 
Mountains, 10 miles northerly from the city of 
Los Angeles, and about 30 miles from the Pacific 
Ocean. Its elevation above the latter may be 
taken at 900 ft, or about 600 ft. above the main 
part of Los Angeles. The soil around the city, and 
especially that close to the mountains, is sandy, 
with excellent underdrainage. The general slope 
toward the ocean in the vicinity of the city is 2 ft. 
per 100 ft. The grades obtainable for sewerage in 
the city, with one or two exceptions, are excellent. 
The average annual rainfall amounts to 20 ins.. 
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which is precipitated chiefly during the months of 
January, February, March and April. The aver- 
age temperature during the rainless eight summer 
months may be taken at 85"* F. The air is dry. 

Wherever water is obtainable for irrigation, cit- 
rus fruit is principally raised, while the unwatered 
land is fit only for the raising of some deciduous 
fruits, grapes and barley; the latter being chiefly 
cut, in this vicinity, before its maturity and used 
for hay. Bare land is worth $100 per acre without 
water, while watered land is held at about $600 
per acre. Irrigation, therefore, makes the land 
valuable, and since water is here only obtainable 
from springs or storage reservoirs, of which latter 
we possess at this place none at the present, waste 
of water is hardly ever met with. It may seem, 
therefore, that the circumstances for successful 
sewage disposal, by means of irrigation, from a 
financial as well as sanitary standpoint, are in our 
favor. 

The sewage farm is owned by the city, and com- 
prises 300 acres of land situated about four miles 
-from the city in a southeasterly direction, in a 
well settled part of the valley. The soil is a sandy 
loam, mixed with some alkali. It has the capacity 
of absorbing a considerable quantity of water. It 
is estimated that for the present only 40 acres will 
be required for the disposal of the sewage, but j 

the latter may be spread over a much larger area 
for the purpose of irrigating crops on the remainder 
of the farm. Most of the land will probably con- 
tinue to be devoted to the raising of barley hay, 
until fruit orchards are planted. The land orig- i 

inally cost $125 per acre, or a total of about 
$40,000, including some extra expenses. The gross 
yield m barley hay, without irrigation, is $4,000 
per annum, or 10% on the cost; the net yield 
amounts to about $3,000, 7%% on the money in- 
vested. 

It is the intention to devote the Und irrigated 
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with Bewaga to the raisiDs of Tegetables, berries, 
and citrus fruits, and perhaps walnuts aad alfalfa 
hay. The latter yields about seven ccopa per 
annum, or about 10 tons per acre, end is sold for 
flO to $15 per ton. It stands any amount of irri- 
gation at ail seasons, and the sewage may be 
erowded on it at any time. Vegetables are cal- 
culated to yield $25 net per acre, while berries, as 
a rule, yield from ?100 to $200 per acre per an- 
num. Ci.trus fruits often net from $150 to $400 
per acre per annum. With sewage irrigation, these 
figures may possibly be exceeded. 



Fig. 70. bketch of Sewage Outlet Gate, Pasadena, 
Cat.; August Mayar, C. E. 

As seen from the section of the outlet gate, Fig. 
70, the sewage is taken from the sewer in much 
the same manner as water from irrigating pipes 
by the simple closing of a cast iron slide gate, built 
into a manhole, through which tbe pipe leads. The 
sewage is thus backed up into the sewer until it 
rises nearly to the top of tbe manhole, whence it 
fiuda its way through a joint of sewer pipe into 
tbe main carrier, an earthen ditch 20 ins. wide at 
the to[), 10 at the bottom aod 10 Ins, deep. This car- 
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rier has a grade from 4 to 6 ins. in 100 ft. The land 
which the main carriers cover is divided into fields 
100 ft. in width, and from 200 to 400 ft. In length. 
The slope of the fields at right angles to the main 
carriers is 1^ to 2^ ft. per 100 ft. To irrigate the 
fields a dam of earth or of redwood board is in- 
serted in the carrier at the lower end of the field, 
and the sewage is thus diverted into numerous 
8mall furrows from 3 to 6 ins. deep and 1 ft. apart, 
previously made with a common cultivator. Each 
field is expected to take the sewage for at least 12 
hours. After tho first soaking the dam is removed 
•and the next field in order will receive its charge, 
and so on. As soon as the ground permits it, say, 
in about two days, field .No. 1 will be thoroughly 
cultivated, to keep the ground from baking hard 
and to allow the air to act upon the soil. This is 
the common course adopted here for irrigation with 
pure water. 

Fruit trees are planted in regular lines about 
20 ft. apart each way, which permits the manner 
of irrigation here described. The side and bottom 
walls of the main carriers will be raked over with 
a garden rake whenever it becomes necessary to 
prevent the ditch from becoming foul. 

Berries are to be planted in rows about 8 ft. 
apart, and the sewage will be led in between the 
rows so that the ground can be well cultivated. 
Vegetables may be planted in single or double rows, 
as the case may require, and the sewage will be 
conducted in between the rows or fields in fiat 
trenches, which are to remain filled until the 
ground from trench to trench is thoroughly sat- 
urated with the sewage water, when the trenches 
will be drained, and after having dried off suffi- 
ciently they will be cultivated. 

Redding, Cal. 

Redding is one of the smallest towns in the 
TTnited States using sewage for irrigation, or hay- 
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ing a sewerage system; its population in 18^0 
was 1,821, and in 1880 but 600. The town 
was incorporated in 1888, and water-works built 
in the same year by the Redding Water Oo. A 
separate sewerage system was built in 1889 by the 
town, with the city engineer, Mr. S. E. Braokins, 
as engineer, and Bassett & Touhey, Sacramento, 
as contractors, who also agreed to dispose of the 
sewage for 40 years. Jan. 1, 1893, there were 2.9 
miles of sewers, and seven Field-Waring, 112- 
gallon flush tanks. 

The following description of the sewage farm 
and matters pertaining to the disposal of sewage 
was prepared for this series of articles in the latter 
part of October, 1892, by Mr. L. F. Bassett, C. 
E., the present owner of the farm, and for eleven 
years city engineer of Sacramento: 

Redding is situated on slightly rolling ground, at 
an elevation of 550 ft. above the sea. It is bor- 
dered on the northeast and southeast by the Sacra- 
mento River. The climate ranges from 16** above 
zero in the winter to 107** F. above in summer. 
Most of the season the atmosphere is dry and 
evaporation rapid. 

It was the original intention of the town to dis- 
charge its sewage into the Sacramento River, 
but objection was made at Sacramento, where 
water is taken from the river to supply the city, 
and the State Board of Health gave notice to the 
authorities of Redding not to discharge the sew- 
age into the river. The town authorities there- 
upon requested bids for taking care of the sew- 
age, and a contract was entered into for a term of 
40 years, the sewage to be disposed of at $300 for 
the first year, the amount of yearly payment there- 
after to increase in proportion to the increase of 
the assessment roll. 

The contractors immediately purchased a tract 
of about 100 acres of land within the corporate 
limit, shown by Fig. 71, and prepared a portion of 
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it, about a mile from the built-up part of the towil, 
for the utilization of the Sewage by irrigation. 
The land selected is comparatively level and the 
soil a sandy and gravelly loam 4 to 6 ft. in depth, 
underlaid with gravel. Land better adapted to the 
purpose would be hard to find. About 10 acres 
have been prepared for irrigation by leveling and 
constructing open carrier ditches, elevated above 
the surface of the land to be irrigated. 

The sewage is applied directly to the land by the 
broad surface irrigation system, either by being 
run in furrows between rows, or spread over the 
surface, according to the requirements of the crop. 
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Fig. 71. Plan of Sewage Farm, Redding, Cat.; S. F. 
Bracklns, Engineer; Bassett &. Touhey, Contractors 

The sewage has been applied to various crops, 
grain, asparagus, potatoes, turnips, beets, orchard 
and some garden truck. It has been principally 
used in raising fruit trees for nursery stock, the 
young trees being irrigated between the rows. 
About five acres are used as a nursery. 

Generally the land is cultivated as soon after an 
application of sewage as the soil becomes dry 
enough. Part of the year it is necessary to put 
the sewage on land on which no crops are grow- 
ing. It is then customary to run the sewage on 
the same piece of land for several days in succes- 
sion, and after it becomes sufilciently dry to plow 
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or cultivate it. This is more particularly the case 
in winter, when there is sufficient moisture for 
crops without irrigation. 

The sewage is not allowed to flow continuously 
onto the land, as too much time would be required 
in taking care of it, besides which the ordinary 
How IS not of sufficient volume to operate success- 
fully. As shown by the plan, Fig. 71, a reservoir 
was constructed at the outlet of the sewer, at the 
upper line of the sewage farm. This reservoir has 
a capacity of 75,000 gallons, which is about equal 
to the daily sewage flow in the dry season. Each 
morning the outlet to the reservoir is opened, and 
the contents discharged in from two to four hours, 
:i8 desired. The bottom and sides of the reser- 
voir are so constructed that everything gravitates 
to the outlet, and special cleaning is seldom neces- 
sary. An abundant supply of water from the town 
water-works is at hand for use, if required. The 
reservoir is covered with a rough board structure 
and a vent chimney of lumber is carried to an eleva- 
tion of about 60 ft. This has been sufficient to 
prevent any nuisance, and none is complained of, 
although the reservoir is alongside the public road. 

No difficulty has been experienced in preventing 
a nuisance on the irrigated lands. Care and atten- 
tion to secure proper distribution and cultivation are 
required, and with these  the results have been 
satisfactory. There is sometimes a slight odor 
in the immediate vicinity of freshly-irrigated land, 
or where it is ponded previous to its subsidence 
into the soil, but this odor is not noticeable at a 
distance of 200 ft. 

A screen near the upper line of the irrigated 
lands (see Fig. 71) catches such large objects as 
might cause an obstruction in the ditches, or in- 
terfere with the free flow of the sewage over the 
soil. There has been no underdnaining, as none 
is required, the soil being very porous and unde^rr 
laid with an extensive bed of grave}. 
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There hsM been some prejudice against the sewage 
farm, but this is gradually dying out. The prin- 
cipal objection came from two owners of land 
immediately south of the tract under irrigation, 
who, from the first, objected very strongly to the 
location of the sewage farm so near them. One of 
these men in June, 1892, had the proprietor of 
the farm arrested for maintaining a public 
nuisance. At an examination, held shortly after- 
wards, the examining magistrate decided that the 
evidence was not such as would secure a convic- 
tion, and the case was dismissed. 

The sewage farm is now the property of L. F. 
Bassett, C. £3., of Sacramento, who gives personal 
attention to the manner in which the sewage is dis- 
posed of. Besides the sewage, fresh water from 
the Sacramento River, sufficient for 40 acres, is 
available for irrigation. 

Los Angeles, Oal. 

The use of sewage for irrigation at Los Angeles 
has been temporarily abandoned, with the excep- 
tion of quite a small part of the daily flow, 
but preparations are being made for the future 
utilization of all of the sewage of the city ddring 
the irrigation season. The reasons for the change 
from the old to the proposed new plan of sewage 
disposal are given below. 

Los Angeles grew from a population of 11,183 
in 1880 to 50,395 in 1890, making it the second 
city in size in the state. Water is supplied by 
several different companies, some or all of which 
recently consolidated. The works of the Los 
Angeles City Water Co. were built in 1862. The 
date that sewers were first put in operation is not 
stated in the information at hand. Dec. 31, 1891, 
about 46 miles of separate sewers had been built. 

The following account of the use of sewage for 
irrigation, the cause for its discontinuation, and an 
outline of the new disposal system was prepare4 
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for as by Mr. J. H. Dockweiler, City Engineer, bil 
Oct. 21, 1892; we are also indebted to Mr. W. W. 
Robinson, clerk of the mayor, for information fur- 
nished: 

Up to about three years ago, the entire sewage 
of our .city, amounting to 7,000,000 gallons in 24 
hours, was disposed of by irrigation on 1,700 acres 
of sandy soil adjoining the southern limits of the 
city. 

The sewage was delivered to the South Side Irri- 
gation Co., at the southern limits of the city, who 
distributed it to the different land owners through 
open ditches owned and controlled by the com* 
pany. Previous to the time that this company 
handled the sewage and properly disposed of the 
same, the yearly rental value of the land was 
about $2.50 per acre, but as soon as sewage was 
used for irrigation, these same lands rented for 
from $15 to $25 per acre per annum. Save a few 
acres of land which were irrigated by the surplus 
waters from the irrigation ditches in the city of 
Los Angeles, this land, known as the Vernon Dis- 
trict, could not be irrigated because of lack of 
water. The only water that could be depended 
upon by the Vernon District came from the city 
sewers. 

During the "boom** of a few years ago a great 
deal of the land of the Vernon District was cut 
up into lots and sold. A great many residences 
and improvements sprung up, and the sewage be- 
came a nuisance from the following causes: It 
was carried in open ditches; the people had to take 
it whether they wanted it or not; the hitherto irri- 
gable area was reduced by subdivisions into house 
lots, while the quantity of sewage was contin- 
ually increasing; the owners of lands suitable for 
irrigation were more interested in selling their 
land for residences than developing it for culti- 
vation. 

At this stage injunction suits were brought 
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against the South Side Irrigation Go. to compel 
them to carry the sewage in closed conduits 
through the lands of those who objected to open 
ditches, and also to restrain them from delivering 
sewage to lands when it was not required by them. 
The city had only one point of delivery, and could 
not control the volume of the sewage; whatever 
the sewer discharged at the south city line, the 
South Side Irrigation Co. had to dispose of. The 
injunctions were granted, so the company turned 
the sewage into the river, where it now goes to 
waste, save that a few acres are still irrigated 
by it. 

The present feeling in this district, however. Is 
that sewage would be used, if it were delivered in 
closed conduits, only when required. 

The city has voted $395,000 worth of bonds to 
construct an outfall sewer 12 miles long from the 
southwest corner of the city to the Pacific Ocean. 
The line passes through a large section of country 
which cannot be irrigated at present for want of 
water. The sewer has been so located that it 
will deliver sewage upon the lands at the high- 
est possible level; in fact, it was located as nearly 
as an irrigation ditch as is consistent with reach- 
ing the ocean in as short a line as possible. It is 
expected that the outfall will be completed by 
July, 1893. Provision has been made to supply 
sewage to land adjacent to the outfall by means 
of gates and hydrants located at the commanding 
points. There are at least 20,000 acres of sandy 
soil suitable for sewage irrigation directly under 
the location of this sewer, the owners of one-half 
of which have signified their willingness to irrigate 
with sewage. The city will deliver the sewage 
along the line of the outfall, the land owners to 
make the necessary provisions for getting it on 
the land. The special feature which will make 
irrigation with sewage a success by this plan is 
that when not required on the lands it will be 



turned iuto the ocean, thus making it possible to 
use it for nine months in the year. It is proposed 
to charge about $3 per acre per annum for the use 
of the sewage. 

I havie designed two inverted siphons, each three 
miles long, in connection with the outfall, to be 
made of wood stave pipes. 

Mr. Dockweiler states that he believes that the 
above will be the first instance of the use of wood 
stave pipe in a sewerage system. In our issue of 
Jan. 19, 1893, there was described and illustrated 
a 24-in. wood stave outlet sewer extending for 800 
ft. beneath the harbor at New London, Conn. 

In the report of the State Board of Health of 

California for the two years ending June 30, 1890) 

there appeared a paper by Mr. D. G. McGowan, 

Health OflQlcer of Los Angeles, from which the 

following extract is taken: 

At the southeast angle of the city limits this waten 
(sewage) is taken by the South Side Irrigation Co. 
and conducted through a 22-in. cement pipe a distance 
of six miles to the sandy plains below the town of 
Florence. Though eagerly taken at first by the Chinese 
market gardeners for irrigating and enriching their 
truck patches, its prolonged use nas been found to be a 
detriment, lessening the productive qualities of the 
land when it becomes well saturated with the sewage 
matters. It is a fact that lands upon which it has 
been used constantly for several years have been aban- 
doned by their cultivators, or It has been necessary to 
pipe pure water upon them to take the place of 
sewage for the purpose of irrigation. 

The above statements, when taken in connec- 
tion with the prior explanation of the abandon- 
ment of the use of sewage from the ditches of the 
South Side Irrigation Co., lose much of the force 
which they seem to have by themselves. It is 
doubtless true that the land was overdosed with 
sewage, and it is quite probable that little or 
no proper attempt at a rotation of crops was made. 

Santa Rosa. Oal. 
The population of Santa Rosa in 1880 was 3,616, 
and in 1890 it was 5,220. The Santa Rosa Water 
Co. built water-works in 1873. A few streets were 
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Sewered on the separate plan some years ago* 
sewage being discharged into Santa Rosa Creek, 
' near the city limits. Complaints of pollution of 
the creek, followed by a lawsuit, led to the pur- 
chase by the city of between 18 and 19 acres of 
land about two miles from the city, to which an 
outlet sewer was built. 

The farm is leased to parties who take cai'e of 
the sewage for rental^ using it for gardening pur- 
poses. The city can terminate the lease at any 
time. The year the farm was put in operation is 
Hot stated, but it was used as early as 1890, and 
probably at least one or two years earlier. 

A slight rise near the end of the outlet sewer 
causes the coarser solid matter to collect. Once 
a day, or as often as is necessary* a gate is opened 
and the collected matter flushed out into a pit near 
the bank of the creek. 

When not used for irrigation the sewage flows 
onto low land near the bank of the creek, which 
land is flushed at high water. Mr. Newton V. V. 
Smyth is city engineer, and to him and Mr. J. 
L. Jordan, City Clerk, we are indebted for the in- 
formation given. 

Helena, Mont. 

About one-fourth of the sewage of Helena is 
used for broad irrigation on a farm owned by the 
city and leased to Mr. A. T. Newbury for five 
years from 1890. prior to which it had been leased 
for about two years to another man. 

Helena had a population of 3,624 in 1880 and 
13,834 in 1890. Water-works were built in 1887-8 
by the Helena Water Co., and a sewerage sys- 
tem wias put in operation in 1889. Jan. 1, 1893. 
there were 26^ miles of 6 to 24-in. sewers, re- 
ceiving no rain wtater except from roofs. There 
were on the same date 810 house connections, 310 
manholes with perforated covers and 76 flush tanks 
discharging 225 gallons once in 12 hours. Mr. G. 
N. Miller was engineer of the sewerage system. 
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From the last house connection in the city the 
outlet sewer extends about one mile, with branches 
not in use up to Sept. 11, 1892. Next comes 1,200 
ft. of 12-in. vitrified pipe, then 700 ft. of wooden 
box sewer 12 ins. square. The end of the box 
sewer connects directly with the distributing 
ditches of the farm. The sewage, when not used 
for irrigation, runs across the farm into and 
through two ditches extending for about 2^ miles 
to Ten Mile Greek, a stream about 20 ft. wide and 
1 ft. deep. 

The city paid $6,100 in 7% bonds for the 40 acres 
of land, included in the farm, which has received 
sewage for about four years. The lessee pays the 
city a rental of $200 in cash, plants 100 trees and 
makes one acre of lawn per year, caring for the 
trees and lawn. It is said that the lessee raises 
vegetables and all kinds of nursery stock on the 
farm. In connection with the statement, made 
below, that the farm has never paid the interest 
on the cost it must be remembered that this could 
hardly be expected from the use to which the farm 
seems to be devoted; nor, for the same reason, can 
efficient purification throughout the year be ex- 
pected. 

The sewage is distributed over the farm by 
means of open ditches and is brought to the plants 
by fiooding. It is utilized only in the growing 
season. The land is not underdrained. 

The above information was given by Mr. Geo. 
K. Keeder, formerly dty engineer, and by the 
present city engineer, Mr. Jas. S. Keerl. The fol- 
lowing additional facts and opinions regarding the 
operation and success of the farm are given sub- 
stantially as reported by Mr. Reeder, in letters 
dated July 31 and Sept. 11, 1892: 

The sewage is only utilized in the growing sea- 
son. During the winter months, or rather when 
the ground is so frozen that there is no absorption, 
Die Mwage is allowed to flow in the ni^ti^f (^) cht^ns 
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nels upon the surface. During some portions of 
the year, even when not used for irrigation, the 
sewage scarcely gets across the field before being 
absorbed or evaporated. 

The farm has never proved a source of income 
to the city, in fact, it has never paid the inter- 
est on its cost,' and has not proved a success in 
disposing of sewage throughout the whole 
year. My own opinion is that the soil is not suit- 
able for the purpose, it being a quite gravelly, 
sandy loam for a depth of 6 ins., beneath which 
is a bed of quite impervious clay and gravel. The 
land may become more suitable after years of 
working. The city authorities, in their lease, have 
virtually turned over all control of the sewage to 
the lessee, and so far the tenants have done as 
they pleased. 

As nearly as I could ever learn from the alder- 
men, the intention in establishing the farm was 
ultimately to convert it, or at least a portion of it, 
into a park, sewage to be supplied to the trees 
by meanl^ of porous tiles. My predecessor, as city 
engineer, intended to make it an absorption farm, 
sewage to be turned onto one portion until it would 
absorb no more, then to another, and so on, each 
portion after drying out to be turned over by cul- 
tivation to fit it for a new dose of sewage. This 
was to be done irrespective of seasons, and crops 
were to be a secondary consideration. City engi- 
neers propose but city councils dispose, and there 
never has been a time^when the city engineer has 
had control over the farm, the lease having always 
been of such a character that his hands have been 
tied. 

Cheyenne, Wyo. 

Regarding the former use of the sewage of 
Cheyenne for irrigation, the following information 
Has been given to us by Mr. Fred Bond, City Engi- 
neer, under date of Aug. 28, 1892: 

The sewage, direct from the sewer outlet, was 
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discharged directly into the irrigating ditch of a 
private ditch owner, and mixed therein with water 
already in the ditch, which was taken from the 
creek a little further up, or above the point where 
the connection with the sewer was made. In this 
way the creek water and sewage were mixed 
and carried to the land to be irrigated. The man 
who used the sewage did not pay for it, the obli- 
gations between the city and himself being con- 
sidered mutual. He used the sewage seven or 
eight years, I believe. The sewage is now dis- 
charged into the creek about 2,500 ft. below the 
point where it formerly entered the private ditch. 

Cheyenne had a population of 3,456 in 1880 and 
of 11,690 in 1890. The city built water-works in 
1882 and sewers were put in use in 1883 on the 
separate plan. On Feb. 20, 1891, about five miles 
of 9 to 15 in. vitrified, salt-glazed sewer pipe had 
been laid. 

The use of sewage for irrigation was stopped on 
account of the extension of the outlet sewer to dis- 
charge below the ditch of the man who made use 

of the sewage. 

Stockton, Oal. 

Provision for the use of sewage for irrigation has 
been made at Stockton, Oal., but the fact came to 
our attention too late to secure exact information. 
The construction of a sewerage system was begun 
in 1891, under the direction of Mr. George Ather- 
ton, City Surveyor. All the sewage is pumped into 
an outfall sewer 14 ins. in diameter and two miles 
long, discharging into the Stockton River. It is 
stated in the San Prandsco ''Chronicle" of Jan. 
31, 1892, that at regular mtorvals on the outlet 
sewer gates are lilaced "by means of which the 
property owners turn the s^wago upon the land dur- 
ing the dry season for irrigation purposes." 

The population of Stockton in 1890 was 14,424. 
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SUBSUKFAiOB DISPOSAL. 
Lienoz, Mass.— Old Plant. 

The first American tQwn to undertake the purifi- 
cation of its sewage was Lenox, Mass., the noted 
summer resort in the Berkshire Hills, six miles from 
Pittsfield. A public water supply was introducea 
here in 1875, and the town showed its good sense by 
immediately constructing a sewerage system, built 
in 1875-6. Col. Geo. E. Waring, Jr., M. Inst. C. E.. 
was engineer for the sewerage system, which is of 
the separate type. To these improvements, as well 
as its natural charms, the town doubtless owes a 
large part of its popularity as a summer home. The 
enterprise of the town is especially commendable, 
since its population, including that outside the vil- 
lage, by the census of 1880 was but 2,043 and by 
that of 1890, 3,120. In 1876 the population was 
considerably below 2,000, perhaps not more than 
1,200. Hundreds of towns in the United States 
larger than the Lenox of to-day are still without 
sewerage systems, although they have had public 
water supplies and leaching cesspools for many 
years. 

The village is located in hilly country, so that its 
drainage naturally flows in two or three directions. 
When the sewerage system was put in it appears 
that the larger part of the population was on the 
western slope of the hill, while the Housatonic 
River, the only stream in the vicinity large enough 
to receive the sewage of the town, was in a nearly 
opposite direction at the foot of a hill and some two 
miles away. 

The sum available for the construction of the 
whole sewerage system, it is stated, was not large 
enough to construct an outlet sewer to the river, so 
some form of purification was necessary. 

The increase of sewage overtaxed the plant, and 
the growth of the village in another direction finally 
made necessary a new disposal area, so that f^t 
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present the original plant is only used for a limitckl 
number of houses and wholly for surface disposal. 
Nevertheless the plant is well worth describing, both 
in its past and present state. 

The whole scheme can be best described by quot- 
ing from the en^neer's description in his "Sewerage 
and Land Drainage/' as follows: 

The plan finally adopted and carried out consists of 
several miles of G-In. pipe sewers connected at their 
^ upper end, for flushing and for ventilation, with the 

I rain-water leaders of such adjacent buildings as were 

available. The various lateral sewers, four or five in 
number, were connected with a single 6-in. main sewer 
leading for a distance of about 2,500 ft. to the upper 
edge of a field somewhat isolated with reference to 
present .or probable building. It here discharges into 
a flush tank having a capacity of about 500 cu. ft., sep- 
arated into two chambers by a wire-cloth strainer to 
hold back obstructing material. This tank is dis- 
charged by a Rogers Field's siphon into a smaller 
. chamber having two alternative outlets; one leading 

) to a system of subsurface irrigation-pipes aggregating 

10,000 ft. in length, and the other to a surface-carrier 

rfor the disposal of the outflow over the ground should 
a portion of the tiles become obstructed. The main 
sewer leading to the tank has also a branch outlet by 
which the direct flow may in case of need be turned on 
to the ground. 

In the work from which the above quotation is 
*j taken Col. Waring states that there was much ir- 

regularity of distribution through the "absorption 
drains/' the connection between the discharging 
main and distributing tiles often becoming clogged by 
the lodgment of a piece of paper or a rag over the 
i opening. The connection, Col. Waring states, was 

f' formed by inserting as a part of the discharge main 

a short length of iron pipe having elbow connections 
I from its bottom so that the full force of the flow 

r should come directly into the elbow connecting with 

the tiles. These connections were finally changed td 
a more approved pattern, but apparently not for 
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sereral years. By tmcb. dogginj; as has been de- 
Rcribed Col. Waring states that one line of drains 
would sometimes be cnt off and rendered useless f<> 
w^eeks at a time. In addition it af>pear8 that the 
sub-surface pipes often became clogged with g^rease 
and other solid matters, some of the pipes at times 
being entirely filled in this manner. 

After ten years of use the drain pipes were re- 
placed by new ones laid on gntter pieoes* ike new 
pipes being nearer the surface and midway between 
the lines of the old ones. The drains were 6 ft. 
apart and the soil is not adapted for sub-surface 
disposal. 

For the past few years the sewage has been dis> 
charged entirely upon the surface, much of the solid 
matter being removed by settlement in a tank. This 
sludge is now thrown into a pit and covered with 
earth. The liquid matter passes from the tank 
through a ditch, from the lower side of whidi it over- 
flows and spreads over the surface of the ground, 
causing a rauk growth of grass for some distance 
below the ditch and for from 10 to 20 ft. above it. 

This tract of land, some 1^ acres, is about % mile 
from the center of the village. There are but two or 
three houses near by. At present about 20 houses 
discharge into the sewer leading to the land, and in 
the height of the summer season these houses con- 
tain about 200 persons. Before the new plant, de- 
scribed further on, was built the sewage from the 
population of about 700 was brought to this disposal 
area. 

The writer went over this disposal area on a 
hot June day in 1892. No odor was noticed on the 
land receiving the sewage arid only a slight odor 
along the ditch. 

The sewage from four houses flows to a tank in 
another part of the town, from which it is discharged 
upon the natural surface of the ground. In the 
past six houses have been connected with the pipe 
line to this tract. Since the above was written 
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the town has voted to establish a pumping plant 
to discharge the sewage of this section of the town 
into the ontfall sewer leading to the new disposal 
area, described below, provided the meoessary land 
can be secured. 

Lenox.— New Plant 

In 1887 the construction of a new disposal system 
was begun under the direction of the Selectmen and 
a committee. In 1888 the construiotaon of the plant 
was put in charge of Mr. T. Post, who has since 
served as a sewer commission of one and as superin- 
tendent. Mr. B. W. Bowditch, of Boston, was the 
engineer for this plant, which was put in operation 
early in October, 1888. 

This plant receives the sewage from a population 
of about 1,000, and consists of a settling tank and 
large stone drains for sub-surface disposal. It is 
located near and on a hillside above the Housatonic 
Biver. A line of 12-in sewer pipe about 2%, miles 
long leads from the village to the receiving tank at 
the upper side of the field, aibout 800 ft. from the 
idver. There are 17 acres in this tract, not all of 
which are yet in use. 

The outlet sewer ends In a circular well arranged 
to divert the sewage at will into either side of the 
settling tank, a hinged gate swinging to dose diverg- 
ing channels. The settling tank is of masonry, and 
each side can be used alternately to permit the re- 
moval of sludge. The liquid from the top of the 
tank is drawn off through a pipe line which connects 
with six brick manholes, or wdls. In liie bottom of 
each of these manholes is an iron stopper gate, 
smaller at the bottom than at the <top. A rod ex- 
tends upward from this gate and ends in an eye. 
By raising the gate slight^ a small amount of sew- 
age passes down through the bottom of the man- 
hole. The discharge can be increased by raising the 
stopper higher. The sewage passes through the bot- 
tom of the manhole into stone drains formed by 
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digging trenches and filling thedi with stone. 4bd 
drains are about 2 ft wide at the bottom, 4 at the 
top and 4 ft deep. Near the top of die drain an Akron 
pipe U laid with the bell joints on the down grade 
end, and through these joints the sewage escapes 
to the drain. They are corered oyer with earth and 
extend for some distance, say 300 to 400 ft, from 
the manhole across the field into a wooded area» 
where they end abruptly. There are six of these 
drains in use. They were designed to hare at least 
equal periods of work and rest, but in Jtme, 1892, 
four were being used at a time. 

A man is employed to care for this disposal area, 
and glres practically his whole time to it Close at- 
tention is necessary in order to prerent the adnussion 
of too much sewage to any one drain, as in such an 
erent the sewage appears at the surface of the 
ground or at the end of the trench, instead of passing 
off through the earth and after purification through 
the underdrains to the river. 

The imderdrains connect below the field and the 
effluent is discharged into the Housatonic Hirer just 
above a mill dam; the mill-owners preferring that 
the drainage be above instead of below the dam. 
The crude sewage can be discharged into the river, 
but it ii not intended that it shall for any great 
length of time. When the water is not flowing over 
the dam no unpuiified sewage is discharged into the 
river. 

When the writer visited Lenox the effluent was 
not perceptible when it entered the river. There 
was no odor at the end of the effluent pipe, at the 
manholes at the head of the drains or on the field. 
At the receiving tank there was a slight odor. The 
effluent disoharges into the river only a few htmdred 
feet from the Lenox d^ot, close by the railway 
track. 

The sludge is drawn out from the bottom of the 
receiving tank through about 200 ft of 8 or 10-ln. 
pipe to an earth pit From this pit it is removed to 
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a compost heap, the sludge bemg drawn from 
the tanks at intervals of from 8 to 21 days. In 
the spring of 1892 a year's accumulatioa of sludge 
was placed upon %-acre of land and the land 
planted to corn. The year's accumulation of sludge-, 
with the dirt which had been put with it, made at 
the end of the year 52 cart loads (size of cart not 
stated) of material. 

SEDIME-NTATION. 
Amherst, Mass. 

About t^e year 1881 AnAerst, Mass., put in a 
plant for the disposal of sewage upon land. Am- 
herst is a well known and attractiye New England 
college town, situated on hilly land with good natural 
drainage. The town had a population of 4,512 in 
1890. The sewage disposal plant followed close 
upon the introduction of a public water supply, 
which occurred in 1879. The first sewer served only 
a few houses, but there was no suitable water course 
near at hand into which it could discharge. The 
sewage, therefore, was conduoted to a settling tank 
from which the liquid matter was drawn onto land 
through ditches and the sludge removed and spread 
upon land. This tank was tended by a farmer, with- 
out expense to the town. 

Some three years ago the tar and other wastes 
from a gas lighting plant, which discharged into the 
sewer near the settling tank, caused the disposal 
plant to clog so that its workings have since been 
imperfect. 

The separate system is employed, it should be 
stated, only a few house drains being connected 
with the sewers. 

In 1891 the sewers were extended and an outlet 
built to a new settling tank some two miles from 
the center of the village and about 500 ft. from Fort 
River. This tank is of stone, cemented, about 15 x 
20 ft. X 6 ft. deep, in two equal compartments. Oit 
the main to the tank are several manholes designed 
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to permit sewage to be drawn out for irrigating the 
adjac«3nt farm«, but none of the farmers along the 
line have yet expressed a desire to use the sewage 
for this purpose. 

Mr. Heaiy Hastings has agreed to oare for the 
new sewage tank for five years from 1891 for the 
privilege of using the sludge as a fertilizer. 

A 10-in. sewer pipe leads from the village to the 
new tank, where it branohes into two 8-in. pipes 
leading to the two compartments. The flow from 
each of the two branches oan be conitroUed by a 
slidiing gate so that the sewage oan be turned into 
the compartments alternately. 

Tlie sludge is removed from the tank once a week, 
more or less, by simply raising a Chapman gate and 
letting it flow into a pit excavated in the sand. 
There are two of these pits, one for each compart- 
ment of <tJhe tank. When the sludge is drawn from 
the tank it contains much water. This rapidly 
drains off through the sandy soil. 

No attempt has yet been made to purify the sew- 
age further than by the settlement of the sludge. 
The effluent flows through a pipe sewer 520 ft. lon^ 
to Fort River. This planrt: was visited June 11, 1892, 
on a wann day. There was scarcely a bit of smell at 
the tank and sludge pits and noiue a few feet distan;. 
The settled sewage was but slightly colored as it 
discharged into the river, and appeared to have no 
effect upon the stream further than to cause a slight 
green deposit or growth upon its bed for a few feet 
from the effluent pipe. As the system has been in op- 
eration only since 1S91 little can be said regarding the 
results obtained. 

About three-fourths of the sewage of the town 
goes to the disposal tanks which are southeast from 
the town and near to no houses except two or three 
farm houses. The other one-fourth of the sewage 
passes through an 8 and 10-in. pipe Mne to an ordi- 
nary fi^d having a sandy soU» located about a mile 
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from the center of the village. At this field tiie 
sewage practically passes directly onto some 3^ 
acres of land through ditches. Three heavy crops 
of hay per year are cut from this land, which gave 
only one light crop* before sewage was applied to it, 
some six years ago. There was a eMght smell at the 
point where this sewage discharges upon the land. 
The tract is not underdroined, and the sewage, so 
far as could be learned, does not give trouble by 
collecting in hollows. The land has a slight slope. 
There are about six miles of sewers in the town. 
Mr. W. W. Hunt is chairman of the selectmen and 
has had charge of the sewerage system for some- 
time. Mr. E. A. Davis, of Amherst, did the engi- 
neering work for the town in 1891. 



MBCHANICAX. SBPAHATION BY FILTRA- 
TION. 
Atlantic City, N. J. 

The sewage purification works at Atlantic City are 
of unusual interest because a record is kept of 
the actual amount of sewage disposed of each day, 
all the sewage being pumped. The daily pumping 
records for a year have been obtained through the 
kindness of the superintendent of the system, Mr. 
A. M. Jordan, and are presented below, with the 
aid of diagrams and tables. The works are also of 
interest because of some details of the construction 
of the sewerage system, which have been given 
sipace here as worthy of record, although only in- 
directly connected with sewage purification. 

The system of purification in use at Atlantic City 
consists of an elevated filter bed, in which sand 
with hay below is used as a filtering material, and 
from which the effluent falls in small streams or in 
drops some 3 ft. to gathering gutters which lead 
to an effluent pipe. It is claimed for this system 
that filtration is supplemented by aeration, and 
thus that greater purification is secured. The rate 
of filtration at Atlantic City is so rapid, as stated 
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In detail below, that only partial mechanical fil- 
tration, or straining, can be expected, and this is 
all that is claimed for the plant, by its superintend- 
ent, at least. 

Atlantic City is a well known seaside resort 
which has many visitors in the winter, but a much 
larger number in the summer. Its population in 
June, 1890, was 13,055, against 5,477 in 1880. 
It is said that during the height of the summer 
season as many as 150,000 people are to be found 
in the city on some Sundays. 

Water-works were built in 1883 by the Atlantic 
City Water-Works Oo., and in 1888-9 the Con- 
sumers' Water Co. built works. The city bought 
the works of the Consumers' Water Co. in the 
latter part of 1892, and the council has voted to buy 
those of the other company. 

In November, 1884, the city granted a franchise 
for a system of sewers to the Improved Sewerage 
& Sewage Utilization Co. The system was built 
in 1885, with Robinson & Wallace, 129 East 
Twenty-third St., New York, as contractors, and 
with Mr. A. M. Jordan in charge of construction. 
Mr. Jordan has since been, and now is, superin- 
tendent. The old company went into the hands of 
a receiver, and was reoriganized as the Atlantic 
Oity Sewerage Co. 

The franchise provided that the sewerage sys- 
tem should be built under the "West Patent," 
granted to Mr. W. S. West, which covered some 
details of the pumping system, and also in accord- 
ance with designs for filter beds submitted to the 
oity council by Mr. West, some features of which 
have since been patented. The National Sewerage & 
Sewage Utilization Co., of New York, now control 
the so-called "West System." 

There are now about 26 miles of sewers in the 
city, with which 2,140 connections had been made 
np to Dec. 1, 1892. Aside from the admission of 
water from a few roofs, the system is on the sep- 



\ 



123 

arate plan. Most of the roof water is introduced 
at dead ends for flushing, but about ten houses are 
connected with the sewers, for which a rental of 
$2 per 100 sq. ft. per annum is charged. 

Owing to the low level of the city all the sew- 
age is conveyed to a well within the pumping sta- 
tion, shown with approximate correctness in the 
two sketches. Figs. 59 and 60. The pumping sta- 
tion is situated in about the center of the city, on 
the east and west line, but at the northern limit 
of the built-up portion, at the edge of the meadows. 
There are houses and other buildings close by 
it. A 20-in. cast-iron main conveys the sewage to 
the pump well. 

In sinking the pump well, sheet piling, 3 ins. 
wide and 6 ins. thick, was used. As soon as water 
began to give trouble in the excavation, a pul- 
someter pump was used, which sometimes threw 
out 75% of sand. When the proper depth was 
reached, 20 carpenters were ready with a plat- 
form of planking on 6 x 8-in. timbers, which was 
lowered to place. The center piece shown in Fig. 
60 was then placed, after which the pulsometer, 
which had been working until this time, was 
stopped, 3 ft. of concrete laid and water let in to 
harden the concrete. During the remainder of the 
work the pulsometer lifted water from a hole dug 
outside the sheeting. Above the concrete two 
courses of brick in Portland cement were placed, 
the first course on edge, the second flat. On top 
of the brick 3 or 4 ins. of cement mortar, 1 part 
sand, 2 parts cement, was placed. The sand* usea 
for mortar was brought from the mainland. The 
brick lining wall of the well is 27 ins. thick, includ- 
ing a 3-in. space to above the water line filled with 
coal tar, asphalt and sand, put in hot, enough 
asphalt being used to cause the mixture to harden. 
The wall was laid in Portland cement. 

The pump well is 24^ ft. in diameter, and about 
30 ft, deep, but only a par^ of the well is used for 
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sewage, the pumps originally having been placed 
on a gallery floor in the well, shown in the section, 
Fig. 60. 

As the sewage enters the pump well it passes 
through a screen of % or %-in. gas pipe, pla(?ed 
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Fig. 59. Sketch Plan of Sewage Pumping Station 

at Atlantic City, N. J. 



about 1% iuH. apart. In summer, it is stated, some 
three bushels of rags and other matter are re- 
tained by the screen, daily. A vertilation pipe ex- 
tends from the pump well, above the sewage line, to 
ai^ outer flue around the smoke ^ue of the boiler 



chimney. On descending to Hie floor in the pump 
well the writer found only a very Blight odor, nor 
was there anything offeaalve la or about the pump- 
ing station. 



Fig, 60. Approximate Section through Pump Well. 

Aa has been stated, the pumps were first locat«a 
In the well, which, nith the boiler room, constituted 
the station. Tor about two years tte sewage was 
pumped with the pulHometec, bnt of coifrae thi« 
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proved to be too expensive, and for this temporary 
plant two Davidson pumps, each with a capacity 
of about 1,000,000 gaiions, were substituted. 
Some two years or more ago a 7,000,000-gailon 
Holly pumping engine was added. The present 
location of the pumps and the 40 and 60-HP. 
boilers is shown by the sketch. Fig. 59. The ad- 
dition of an 80-HP. boiler has been spoken of, for 
use in connection with the Holly pump. 

A 16-in. cast-iron force main extends from the 
pumping station across the meadows to the filter 
beds, a distance of 3,200 ft. The force main was 
originally about 1,100 ft. long, ending in a filter 
bed nearer the city, and about half the size of the 
present bed. The filter beds are about 25 ft. above 
the bottom of the pump well. Mr. Jordan states 
that the pump register shows about 15 lbs. pres- 
sure when the pumps are run at moderate speed, 
.and about 30 lbs. when run very fast. 

The structure which supported the filtering ma- 
terial of the old filter beds, like the present ones, 
was of wood, which, after four years of use, 
became decayed. Meanwhile property owners who 
wished to sell lots in the adjacent section of the 
city complained that the beds were too close by 
their land, so when new and larger beds were built 
they were located as stated above. 

The present filter beds are 30 ft. wide by 130 ft. 
long, divided into eight sections. A wooden 
trough, extending through the center of the bed, 
lengthwise, conveys the sewage to the different 
sections. The filtering material is supported by 
2 X 10-in. plank on edge, 2 ins. apart, and consists 
«)f from 15 to 24 ins. of hay, generally heavy sedge 
grass, cut near the beds, above which is from 6 to 
S ins. of sand, dredged from the adjacent creek. 
Boards are laid on top of the sand, apparently 
with the intention of causing a more even distribu- 
tion of the sewage over the entire area, the boards 
bHng laid a short distance apart, and being per- 
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forated with augur holes. The sewage passes from 
the central channel directly onto each compartment 
through openings which axe closed, when desired, 
by boards moving vertically. 

The effluent drops somQ. 3 ft. .onto a wooden plat- 
form, from which gutters convey it to a teiTa 
cotta pipe, 30 or 40 ft. long, ending in the creek. 

In summer it is stated that the filtering materia Ij 
both sand and hay, is renewed once in two weeks, 
four sections per week, and in winter, once in four 
weeks, two sections per week. The sludge from 
the surface of the beds is buried beneath sand, 
close by, and the waste material is used for filling 
in about the beds. 

The writer visited the beds Oct. 27, 1892, early 
in the morning of a clear, cold day. About 4 
ins. of sludge, the accummulation of a week, was 
found on one section of the beds. 

The creek at the point of discharge of the efflu- 
ent showed scarcely any sign of pollution, there 
being only a slight deposit of fine matter on the 
bank of the creek, which appeared to have come 
from the beds. Many small fish were observed in 
the water at the mouth of the effluent pipe. The 
attendant stated that there are always fish at this 
point. 

A slight musty odor was noticeable at and about 
the beds, but appeared to come from the sewage 
soaked wood rather than from the sewage itself. 
At a distance of 400 or 500 ft. from the beds, fac- 
ing a strong breeze from that direction, a slight 
odor, not especially unpleasant, was noticed. The 
effluent beneath the beds was found to be cloudy, 
which, with the presence of the fish at the mouth 
of the effluent pipe, as though securing food there, 
appeared to indicate that appreciable quantities of 
solid matter were passing through the beds. But 
notwithstanding the color of the effluent and the 
presence of the fish, the creek showed but a very 
sMght pollution. 
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l?ke fish just spoken of do not necessarily feed 
directly on solid matter from the sewage effluent, 
but may feed upon lower forms of life, which, in 
turn, feed upon the organic matter in the effluent. 

The removal of the solid matter by straining is 
the principal object of the beds as now operated, 
and not the nitrification of objectionable organic 
matter in the sewage. That only the grosser par- 
ticles of solid matter can be removed by the beds is 
evident from the rapid rate of filtration, as shown 
l)y the pumping records of the year ending Nov. 
HO, 1892, as follows: 

Assuming that the available filtering surface is 
3,800 sq. ft., the minimum amount of sewage fil- 
tered in one day during the year was 323 gallons 
per sq. ft. of filtering surface, or about 14,000,000 
gallons per acre. The average daily rate of filtra- 
tion for the whole year was 573 gallons per sq. ft., 
or nearly 25,000,000 gallons per acre. The month of 
July showed the greatest total pumpage of sewage of 
any month of the year, and gave a rate of 791 gal- 
lons per sq. ft., or nearly 34,000,000 gallons per acre, 
while the greatest pumpage in any one day dur- 
ing the year was at the rate of 1,036 gallons per 
sq. ft. of filtering area, or nearly 45,000,000 gal- 
lons per acre. When it is remembered that inter- 
mittent downward filtration through sand filter 
beds to the amount of 100,000 gallons per acre per 
(lay is a fair if not a high rate of filtration, it will 
be seen that only a very partial purification was 
ofifected during the year at Atlantic City, for, on 
:in average, the sewage passed through the beds 
250 times as fast as is consistent with thorough 
purification. 

There has been no trouble with frost at the 
beds, it is stated, and at times in the winter the 
only open place in the creek is at the mouth of the 
eflBuent pipe. 

The cost of the various parts of the disposal sys- 
tem is reported as $5,000 for the station and well, 



120 

about $15,000 for the pumps and boilers, and somd 
$1,500 for the last filter beds. 

To operate the pumping station one engineer, at 
$75 a month, who makes necessary repairs, and 
two at $45 per month are employed. The yearly 
-cost of coal is given as $1,200, and of lights, $50. 
A man is employed constantly at the filter beds at 
a salary of $40 per month, and for about eight 
months in the year an extra man is employed 
more or less of the time at $1.50 per day, more es* 
pecially to aid in getting sand from the creek. Al- 
lowing 20 days' work per month for eight months 
for this extra man, the yearly cost of labor at the 
pumpkig stfition and filter beds is $2,700, which, 
with $1,200 for coal, $50 for lights, makes the 
total cost of operating the pumps and filter beds 
$3,950, not including incidentals. On the above 
basis the cost of operating the filter beds alone is 
$720 per annum. 

Daily records of pumpage and coal consumption 
are kept by the company. The pump register is read 
at 12 m. each day, allowances being made for slip 
and wear of the plunger. The diagram, Fig. 61, 
shows the pumpage of sewage for each day from 
Dec. 1, 1891, to Nov. 30, 1892. The diagram also 
shows the rainy days of the year, and the maximum 
and minimum temperature of each month, by dates. 
The figures from which the diagram was compiled 
are given to the nearest thousand in Table I. Sim- 
days and rainy days are indicated both in Table 
I. and the diagram, Pig. 61. 

For an understanding of the diagram and the ac- 
companying tables, it is necessary to state that 
there are two seasons at Atlantic City, a winter 
and a summer. The winter season begins about 
Jan. 15, and is said to continue often until June 15, 
when the summer season opens. In July and August 
it is said that in 1892 the average population was 
100,0i00. The resident population is at present 
about 15,000. 
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It is stated that there are over 600 hotels and 
boarding houses and nearly 4,000 houses in the 
city. 

That not all of the buildings are supplied with 
water, and that all so supplied are not connected 
with the sewers, is shown by the following figures: 



Atlantic 
Ciiy 
Waier- 
Dec. W'ksCo. 
1891... 2,27S 
189i... 2,463 



—Number of taps. — 



Consum- 
era 
Waler 
Co. 
500 
500 



To- 
tal. 
2,773 
2,963 



No. of 
aewer 
connec- 
tions. 
1,849 
2,U0 



Excess of iivater 
over sewer con- 
nections. 

, ^ . 



Number. Percent. 
924 50 

823 38 



The relative average daily amounts of water con- 
sumed and of sewage pumped from Dec. 1, 1891, 
to Nov. 30, 1892, are shown in Table II., the fig- 
ures for the Consumers' Water Co. not being based 
on accurate records, but being estimated by the en- 
gineer of the company for use in this connection. 

TABLE II.— Average Dally Water Consumption 
and Se'vage PumpaKe,byMonthH, at Atlantic City, 
N. J., from December, 1891, to November, 1892 . 

Average daily consump 
tlon of water. 



^ 



Dec... 
J an ... 
Feb .. 
March 
April.. 
May.. 
Judo. . 
July. . 
Aug... 
Hept.. 
Oct... 
Nov... 
Year. . 



AU.Cy. 

W. W. 

Co. 

.1,863.57^ 

.1,960,374 

.2,162,669 

2,376,137 

2,543.736 

.3,003,077 

.2,601,730 

.2,815,731 

..3.5.50,273 

.3,854,781 

2,919.584 

2.232,119 



Con- 
sumers' 
W. Co. 

330,000 
380,000 
450.000 
470,000 
5(i0,n00 
480,000 
518,000 
550.000 
540.000 
535,000 
520.000 
475.000 



Total. 

2,193.575 

2.340.374 

2,612,669 

2,846.137 

3,043,735 

3,486,077 

3,122,730 

3.365,731 

4,09),273 

4,389.781 

.3,439,584 

2.707.419 

3.142,682 



Average 
daily 
aewe^e 
piimp- 
age. 

1,583,867 
1,701,537 
1,708,832 
1.852,237 
1,891,182 
2.116,843 
2,295,652 
3,030,156 
2,999.913 
2,503.404 
2,070.024 
2,291,624 
2,172.059 



Excess water 
over sewdge. 

Per 

cent. 

32 
37 
53 
54 
61 
64 
36 
11 
36 
75 
66 
18 
45 



Amt. 

609.708 

638.837 

903,837 

993.900 

1,152.553 

1,369.234 

S27,078 

335,575 

1.090.36O 

1,886,377 

1,369,560 

416,795 

970,623 



These figures show that the excess of average 
daily water consumption over sewage pumped 
ranged from 11% in July to 75% in September, and 
averaged 45% for the year. Ajs stated above, there 
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were 50% more water taps thao sewer couneo- 
tions at the beglnntng of the year, and 38% at its 
close. The relative moothlr coDsuinptloD of water 
and purapage of sewage Is also shown graphically 
by the diagram. Pig. 02. 



Figf. 62. Diagiam ShoAing Average Monthly Sew- 
age Pumpage and Water Consumption (or 
One Year at Atlantic City, N. J. 

The greatest amount of sewage pumped in any 
one day during the year was 3,937,720 galions, 
wlileb. it Ib Interesting to note, was on July 4, on 
which date a large crowd of people generally Tiaita 
tin dt^> The least pumpnge im one da^ was o^ 
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April 2. The maximum and minimum daily pump- 
age for each month in the year, with the date of 
the same, and also the variation between the two. 
the average for the month and the number of 
sewer connections on the first of each month are 
shown by Table III. 

It will be seen by referring to the diagram, Fig. 
61, and Table I., showing each day's pumpage 
for the year, that nearly every rainy day was ac- 
companied or followed by an increase in the amount 
of sewage. The foot notes to Table III. show that 
for six months of the 12 the maximum pumpage 
was preceded or ftccompanied by rain, but the same 
was true of the minimum pumpage of three of 
the 12 months, though no heavy rains are men- 
tioned in connection with minimum as with max- 
imum pumpage. As has been stated, the sepa- 
rate system of sewerage is in use at Atlantic City, 
with a few roof connections, principally for flush- 
ing. Some leakage would be expected under the 
most favorable curcumstances, and actually occurs, 
as stated above. The maximum pumpage for Jan- 
uary was on a day reported in the pumpage rec- 
ords as "very cold." 

To see what, if any, effect temperature had 
upon the amount of sewage the maximum and 
minimum temperatures of each month were com- 
piled from the United States "Monthly Weather 
Review," as given in Table FV., and then plotted 
on the diagram. Fig. Gl. Low temperatures in 
winter, through waste of water to keep plumb- 
ing from freezing, and high temperatures in sum- 
mer, might be expected to cause an increase in 
the amount of sewage, and doubtless do, but the 
figures compiled and plotted have a bearing upon 
^nly two days in each month, and are of little or 
no help in the study. Unfortunately, the "Weather 
Review" does not give daily temperatures, which 
would be of interest and value in this connection. 
As showing something of the temperatures of the 
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whole of each month, the mean maximum, mean 
minimum, and the half of the sum of the two are 
given below for the year, in connection with the 
maximum and minimum temperatures and their 
dates. The total monthly precipitation and the 
average pumpage of sewage for each month is 
also given at the right, as of interest in this con- 
nection. The figures for November were not avail- 
able. 

TABLE IV.— Monthly Temperatures and Precipita- 
tion at Atlantic Cit v, N. J., for Eleven Months End- 
ing with October, 1^90. 

Degrees Fahrenheit. 
^ . ^ 

* • • • • 

«J ^ . a sS ^-^ '3 1 a 

« «s 5 "sa |a I |§+ 1% i^sa 

December.. 56 4 1.5 18 48 3t 41.0 3.19 l,.'i83,867 

January. ..53 2 10 21 39 26 32 5 3.02 1,701.537 

February... 57 8 10 13 40 29 34.5 1.43 1,708.832 

March 55 7 14 15 42 8 35.0 3 69 1,852.237 

April 76 6 28 12 53 40 46.5 3.05 1.891,182 

May ^0 16 40 8 64 51 57.5 5.51 2,116,843 

June 89 22 51 11 74 63 6S.5 4.44 2,295.652 

July 90 28 57 8 76 64 70.0 4.23 3,030.156 

August. 86 9 61 28 79 68 73.5 .3.26 2,999,913 

Seplpmber. 80 25 18 27 72 59 65.5 ].08 2,503.404 

October.... 80 1 33 25 63 47 55.0 30 2,070.024 

The total and average daily coal consumption for 
each month, and also per million of gallons pumped, 
together with the number of sewer connections on 
the first of each month, and the total and average 
daily pumpage for the month is shown by Table V. 

The total coal consumption for the year was 
913,140 lbs. or 456.57 tons. The coal consumption 
per million of gallons pumped was 1,149 lbs. for the 
year, and ranged from 1,440 in December, the 
month of minimum pumpage, to 969 in July, the 
month of maximum pumpage. As stated above, 
the bottom of the pump well is about 25 ft. below 
the top of the filter beds, and the pumps work 
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against a pressure of from 15 to 25 lbs., as shown 
by the pressure gage, the pressure generally being 
in the vicinity of 15 lbs. 

TABLE v.— Monthly Sewaf^e Fumpaffe and Coal 
Consumption at Atlantic City, N. J., for the Year 
end log with November, 1892. 

Pumpage, Coal consumed, 

galls. lbs, 

/- ^ — ^ ^ * < 

No. Per 

Fewer mil- 

conneo- Average Average Hun 

tions. Total. dally. Total dally, (rails. 

December.. 1.849 49.>»9 872 1,5^3,867 70.7?0 2,268 1.410 

January.... 1.887 52.747,646 1,701.537 68.34) 2,2'i5 l,v96 

February... 1,892 49.65H,i40 1,7(18,832 58.7^0 2,025 1,184 

March 1,910 57,419,S.'>0 1.852,237 7i,680 2,312 1.249 

April 1,912 56.7.%,460 1,891.182 70,400 ?,3I7 1,2« 

May 1,961 &5.622.119 2.116,843 87.360 2,818 1332 

June 2,004 68,869,560 2,'< 95.632 82,560 2,752 1,198 

July t',035 93 9)4.840 3.030,156 91,010 2,937 969 

August... .2,051 92,997,306 2,999,913 92.A20 2.985 990 

September. 2.061 65,U>2.102 ?,:)03,404 77.280 2,576 1,029 

October.... 2.081 64.170,748 2,070,021 70,32 1 2,26S 1,095 

November.. 2,109* 6S,7I8 734 2,'^90,6^ii 72,200 2,407 1.051 

Year 7D4.973.877 2,172,069 913,140 2,49i 1.49 

Avperm'nth .... fib.247,823 76,095 

"" 2,140 on Dec. 1.1892. 

The cold weather during the first part of Jan- 
uary, 18d3, seems to have had a marked effect upon 
the amount of sewage, the temperature and pump- 
age for each of the first 20 days of the month 
having been as follows, the thermometer and pump 
register being read at 12 m. each day: 

Tempera Pump- Tempera Pump- 

tuie. F. *». afire, trails. ture. F. *. asre.i^ralls. 

Jan. 1 ... 40 2,179.-^84 Jan. 12 22 2.393.168 

2 38 2.1Q9 93(> 13 9 2,401.344 

3 ..29 2,191.941 14 12 2.497,162 

4 ... 18 2,25', 628 15 18 2,301,960 

5 24 2, 43,776 16 4 2,295,?60 

6 24 2,152,472 17 6 2.f 12 .H52 

7 18 2,173.632 18 10 2,34.V«n 

8 22 2,191.776 19 21 2,246,208 

9 24 2.208.288 20 16 2,^1,160 

10 14 2.263,968 

11 7 2,326,172 Totil 45.J<43,250 

Averages. .19 2,267. 163 

The average daily pumpage for January, 1892, 
was 1,701,537, against 2,267,163 for the first 20 
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days of January, 1893, aad 2,172,059 for the year 
ending Nov. 30, 1891. The number of sewer connec- 
tions increased only about 16% between January, 

1892, and January, 1893, while the daily amount 
of sewage pumped in the first 20 days of January, 

1893, was about 33% greater than the average for 
January, 1892. For the year ending Nov. 30, 
1892, the lightest pumpage was in the month of 
January. From these figures it appears that the 
recent cold weather greatly increased the amount 
of sewage at Atlantic Oity, although there may 
have been other causes contributing largely to the 
increase, such as an unusually large number of vis- 
itors in the city, which seems hardly probable. 

We are indebted for the above information to 
the president of the company, Mr. A. J. Robinson, 
of New York; to Mr. J. J. Deery, of the National 
Sewerage & Sewage ^ Utilization Co., of New 
York; to the Atlantic City Water- Works Co., and 
the Consumers* Water Co., of Atlantic City; and 
especially to* Mr. A. M. Jordan, of Atlantic City, 
who is superintendent of the company. 

Leadville, Colo. 

The coarse, solid matter in the sewage of Lead- 
ville, Colo., is removed by passing the sewage 
through a body of sand and gravel 24 ft. sq., and 
6 or 7 ft. deep, the effluent being discharged into a 
stream, already polluted, called California Gulch. 
The sand and gravel are in two sections, which al- 
ternately receive the sewage for four or five days. 
When the solid matter at the top of the beds has 
had time to dry it is moved to a dump some distance 
from the city. 

March, 1891, there were 8,900 ft. of 8 and O-Iu 
separate sewers in use, with 15 ventilated 
manholes, 40 connections and four Rosewater flusti 
tanks, each discharging 250 gallons once in 12 
hours. The yearly cost of caring for the filter beds 
is given as $450. The sewerage system was built 
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in 1880 by the Leadville Sewerage Co., of wbich 
Mr. Tbos. W. Jaycox was engineer, and Mr. O. 
N. Priddy is superintendent. We are indebted to 
Mr. Jaycox and Mr. Priddy for the information 
given above. 

The population of Leadville in 1890 was 10,834, 
it having fallen to this figure from 14,820 in 1880. 



CHEMICAL PRECIPITATION. 
Worcester, Mass. 

The chemical precipitation plant for the purifica- 
tion of the sewags of Worcester, Mass., was de- 
scribed and illustrated in Engineering News of Nov. 
15 and 22, 1890. Since that description was writ- 
ten some changes and experiments of interest have 
been made, and at present the daily capacity or 
the plant is being increased by adding 10 new 
tanks, which will make 16 altogether. It i« ex- 
pected that the new tanks will be in operation by 
June, 1893, and that the added capacity thus oi>- 
tained will make possible the treatment of the en- 
tire dry weather flow of the city, which in April, 
1893, was reported by City Engineer F. A. Mc- 
Clure as varying from 11,000,000 to 15,000,000 gal- 
lons per day. When first put in operation, June 
25, 1890, and for some time, only 3,000,000 gal- 
lons daily were treated. Later the amount 
treated was increased, and on June 19, 
1891, the daily treatment of 6,000,000 gal- 
lons was begun. This amount was in excess of the 
capacity of the plant, but it was considered better to 
treat this amount partially than a smaller amount 
thoroughly, as all the untreated sew^e goes into 
the Blackstonfe River. When the writer visited the 
plant on June 17, 1892, about 4,000,000 gallons 
were being treated daily. 

In 1886 the Massachusetts Legislature passed an 
act requiring Worcester to purify its sewage before 
discharging it into the Blackstone Riyer. This river 
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had become fouled with sewage, and its daily £aW 
was so polluted that the manufacturers and resi- 
dents along its course below the city united and se- 
cured the passage of the above law. 

Mr. Chas. Allen, City Engineer, visited European 
sewage purification works, and finally recommended 
the construction of the chemical precipitation plant 
put in operation June 25, 1890. 

The combined system is almost exclusively used 
in Worcester, a few lines having been built recently 
on the separate plan where there was a good oppor- 
tunity to dispose of the storm water aside from the 
sewers. 

The sewage of the city formerly found its way 
to the Blackstone River through Mill Brook, which 
is being gradually inclosed with masonry. This 
dilutes, but at the same time increases the volume of 
the sewage to be treated. Measurements have 
shown as high a daily flow of the brook as 19,500,- 
000 gallons and as low a flow as 6,000,000 gallons, 
the latter in August and September and on holidays 
when the mills were not running. Measurements 
are made from time to time by turning the full flow 
of the brook into the settling tanks connected with 
the purification plant. On June 17, 1892, about 
14,000,000 gallons were passing through the brook. 

Mr. Allen has recommended the separation of the 
waters of the brook and the sewage. 

From Mill Brook sewage is brought to the purifl- 
^ation works through a 42-in. circular brick sewer 
with a fall of 6 ins. to 1,000 ft. and a daily capacity 
of 15,000,000 gallons. 

The precipitating chemicals are admitted to the 
sewage after it has passed through screens, on its 
way to the settling tanks, and thoroughly mixed 
with the sewage by means of arms which project In- 
to the channel. Th<e sewage passes slowly from one 
to another of the six tanks, and after being clarified 
by precipitation passes from the sixth tank into the 
Blackstone River. The sludge drains into a tank. 
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when the settling tanks are cleaned, is raised by li 
centrifugal pump and passes to sludge beds. 

Before considering the disposal of the sludge atten- 
tion may be given to the process of purification. 
This, as practiced at first, was rery fully described 
in our issue of Nov. 15, 1890. 

When the works were first put in operation large 
and constant quantities of lime and sulphate of 
alumina were used. It was soon found that the 
character of the sewage was extremely variable, 
and tests have established the fact that at times, 
with proper manipulation, no chemicals are neces- 
sary. This change in the character of the sewage is 
due to the admission to the sewers at intervals of 
four to five hours of acids carried in manufacturing 
wastes. At present when the arrival of the acid sew- 
age is detected it is at once treated with lime until 
thoroughly alkaline. The acid sewage flows about 
1% hours, and tanlts Nos. 1 and 2 become charged 
with it. When this acid flow stops the adding of lime 
to the sewage is also stopped. The crude sewage 
passes into tanks Nos. 1 and 2, where the excess of 
chemicals is generally sufficient to serve as a pre- 
cipitant for added sewage until the next discharge 
of acid sewage appears. In this way the amount of 
lime has been reduced to about one-half of that 
originally used. The sulphate of alumina is but 
little used now, there being ferric sulphate in the 
sewage, which, together with the above described 
treatment, is suflicient for clarification. 

Originally the lime was ground at the works, but 
now it is slaked in a vat, a ton at a time. In this 
way about 23% of lime and 30 HP. is saved, which 
is partially offset by the fact that the lime must be 
slaked by hand. Either sewage or water may be 
used for slaking. 

The agitators formerly used to mix the chemicals 
are still used, but this is because there is no other 
means of getting the lime through the pipes to the 
•ewage below. 
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time m^de at North Adams, Mass., is aoW 
bought by the carload from L. J. Follett & Go. 

DvLXJmt the year ending Nov. 30, 1891, there were 
treaty 1,399,000,000 gallons of sewage, or about 
3,830;()00 gallons daily, from which 22,042,000 gal- 
lons of sludge was precipitated, the sludge having 
been pumped to sludge pits. The solids in the sludge 
aggregated 1,230 tons, or about 3% tons a day, all 
of which was diverted from the river. 

The amount of lime used during the year was 
757.78 tons, and of alumina 64.645 tons. As has 
been stated, these chemicals were used in varying 
quantities, and often the alumina was not used at 
all, still giving the averages for what they are worth, 
and we find that for the whole year the average 
amount of lime used per galfon was 7.6 grains and 
of alumina 0.65 grains. 

The disposal of the sludge, the solid part of which 
amounted in 1891 to 3^ tons per day, has been a 
serious problem from the start. At first the sludge 
was put in heaps and covered up, but this did not 
give satisfaction. Three different sludge furnaces 
were tried, but the labor involved was too great, 
although the sludge formed its own fuel, after once 
kindled. In one of these furnaces sludge containing 
50% of water burned quite rapidly, while some con- 
taining 72% of water burned at the rate of 2.225 
tons in nine hours, unaided by other fuel. In the 
spring of 1892 the sludge which had accumulated 
since September, 1891, was carted away at the ex- 
pense of the city and put onto farm land. 

As late as the spring of 1891 there were only 
eleven sludge beds, covering an area of about three 
acres. These had been overworked until they were 
almost useless. When the sludge on the beds did 
not exceed a few inches in depth it was found that it 
dried quite rapidly. An area of 5.7 acres was there- 
fore added to the ciludge beds. The first beds were 
not underdrained, but the later ones have been. The 
sludge passes to the beds throu|^ wooden trougbi. 
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THe new tanks will have the same capacity each 
as the old ones, but will be of a different shape, their 
dimensions being 40 x 166% ft., 5 ft. deep from the 
top of the weir. Sewage will discharge about 18 ins. 
deep over the weir. The old tanks were 66% x 100 
ft., 5 ft. deep. As has been stated, there will be ten 
of these tanks, increasing the capacity of the plant 
to 15,000,000 gallons per day. 

In considering results at Worcester it must be re- 
membered that the plant has generally been operated 
far beyond its capacity, and that no attempt has 
been made to treat the whole sewage of the city. 
Consequently those who opposed the scheme from 
the start and the people on the river below have ex- 
pressed dissatisfaction with the results obtained. 
So far as can be learned the plant has given a very 
good effluent when not overworked, and most of the 
adverse criticism has been made by those ignorant 
of what was being attem^pted. It should be borne 
in mind that the city of Worcester is not trying to 
manufacture drinking water, but to prevent the most 
objectionable part of the sewage from going into 
the river. This it will undoubtedly accomplish as 
soon as its plant is large enough. The fact that 
storm water and the waters of a brook have to be 
handled as well as sewage is also to the disadvan- 
tage of the plant. 

In 1892 Mr. F. A. MoClure, formerly superin- 
tendent of sewers, succeeded Mr. Allen as city 
engineer. 

Whdte Plains, N. Y. 

The description of the ®ewiage purification plant 
for the village of White Plains may be prefaced 
by the statement that there are three other plants 
in tihe State of New York for purifying the sewage 
of towns in which the same process is used. These 
plants are located at Round Lake, Sheepshead Bay 
and Coney Island, and all use the patented process 
and the machinery manufactured by Mr. J. J. 
Powers, C. E., of Brooklyn, N. Y. In this procest 
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chemicals are used to precipitate tlie solid matter 
and cKorine to deodorize and disinfect the sludge. If 
desired, the whole of the sewage may be treated 
\^'ith chlorine. The chemicals are admit^d to the sew- 
age automatically by means of floats acted upon by 
yariations in the sewage level in the tanks. 

White Plains is a suburb of New York located on 
the Harteon Division of the New York Central & 
Hudson River R. R., 22 miles from the 42d street 
station. Its population by the census of 1890 was 
4,042, it having increased 1,661, or 69.76% since 
1880. It is the county seet of Westchester County. 

A public water supply was introduced in 1885 by 
tihe Westchester County Water- Works Co., the sup- 
ply being pumped from "springs" to a stand-pipe. 
On Sept. 1, 1892, we Oire informed by the Moffet, 
Hodgkins & Clarke Co., New York, who control 
the water-works, there were about 15 miles of 
water mains and 450 taps, the consumption of water 
being at tihe rate of about 350,000 gallons per day. 

The sewerage system was put in use oibout March 
1, 1892, it having been under construction for some 
time previously. Mr. Wm. Landreth, M. Am. Soc. 
C. E., Schenectady, N. Y., made the plans for the 
whole system, which were approved in 1889 by the 
State Board of Heaitih of New York. Mr. Wm. B. 
Rider, C. E., South Nor walk, Coiun., was made 
engineer of the work after construction started and 
later Mr. E. D. Bolbon, C. E., now of Brookline, 
Mass., was made engineer and under 'him the works 
were canned out until put in operation. Mr. Geo. 
R. Byrne, C. E., of Byrne & Darling, White Plains, 
was resident engineer in charge of construction under 
Mr. Bolton. The changes in engineera seem to have 
bf^n caused by misunderstandings between the en- 
gineers and the village authorities. We are indebt- 
ed to Mr. Bolton, Mr. Powers and Mr. Byrne for 
court<»nes extended our representative while visiting 
the plant; also for drawings and informatiorjL 

In September, 1892, about ten miles of sewers 
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w«re ia ase. These sewers are 8, 10, 12, 15 and 18 
ins. in diameter, while the trunk sewer to and from 
the purification plant is 24 ins. in diameter. From 
April 1 to Sept. 16, 1892, Mr. Robert Jackmau, 
Sewer Inspector, informs us 222 sewer connections 
were made. Prior to April 1 Mr. Jackman thinks 
that about 20 connections had been made. 

The separate system is used, with about 50 fluah 
tanks, mostly Rhoads- Williams with a fewVanVran- 
ken. There are about 100 manholes in the system 
with perforated covers. As most of tlie roads or 
streets are of dirt these perforated covers admit 
much dirt to the sewers iucreasinif the amount of 
sludge at the purification works. In addition, the 
attendant in chairge of the works states that when 
new connections are made with the sewers some 
house owners take advantage of the oppiortnnity to 
empty their cesspools. 

Some 2^ miles of underdrains were laid about 
on the same level as the sewers, where deemed 
most necessary. These underdiraiflxs discharge into 
brooks where most convenient. 

A 24-in. tnmk serwer aibout 7,000 ft. long leads 
to the purification plant which is located about 5,000 
ft. from the village on the west bank of the Bronx 
River close by tfhe tracks of the Hiarlem Division 
of the New Yoirk Central & Hudson River R. R. 
This outlet pipe is of cast iiron except l^e last 600 
or 700 ft. which is vitrified pipe. 'Mr. Byrne states 
that cast iroii pipe was probably used in order to 
exclude ground water. The effluent passes from the 
purification works through about 3,000 ft of 24-in. 
vitrified pipe laid parallel to the Bronx River, into 
wMch it finally disdhaiges just below a mill dam. 

The plans and sections on \he accompanying inset 
show the amangement of the purification works. 
All of the plant except the large settling tanks is 
Inclosed in a brick building, and the large settliijg 
tanks are oovered over. The tanks inside the fmlld- 
Ing have special covers. The plant is duplicated in 
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order that one set of tanks may be in use while the 
other ie being cleaned. 

The omin sewer from ttie village terminates in 
the well at the end of the building, shown on the 
inset, Fig. 13.* From this well the sewage may 
be turned into eiUier set of tanks tihrooigh tibe gates 
proTided for the purpose. The enkuiged sectiou of 
tbe •channel through which the sewage flows when it 
reaches the tank decreases its velocity so that much 
of the solid matter wouid be deposited without 
the aid of chemicatls. 

As the sewage enters it recdves lime from the 
tank shown on the plan, and also perchloride of 
iron. It then passes through the tanks in the di- 
rection indicated in the plan, Fig. 13, and as Is 
further shown by the longitudinal section in Fig. 
13 and the several cross-sections in Fig. 14. Fi- 
nally it falls over the weir into the long narrow 
chamber next the central wall. When this chamber 
fills it is emptied automatically by a 10-in. siphon. 
The varying levels in this chamber cause the dis- 
cbarge of the chemioale into the sewage, making this 
discharge automatic and maintaining a fixed rela- 
tion between the quantity of chemicals and sewage, 
as is described in detail further on. The discharges 
from this siphon are received in another 
chamber and flow in a thin sheet over a long weir 
into the final settling tank, thus minimizing the dis- 
tuiHtmnice of the sewage during settlement. When 
the large settling tank is full it also discharges by 
means of a mphon,' passiiuv: through the outl(^t, well 
or manhole to the effluent pipe alri'ady named. The 
liast siphon is 12 ins. in diameter nud all are of the 
Powers patent. The vertical scretMis showu on the 
plan, Fig. 13, remove the larger solid matter in 
the sewage. These screens, of which there are 
two for each set of tanks, are shown in detail by 



•l''ig8. 13 to 17, inclusive, are on the accompany- 
ing inset sheets. 
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FiK. 18. Tbey are made of ^-in. wire, 1 in. mesh, 

and are fitted with hinges to facilitate cleaninK 
tbe tank 8. 

As th« first compartment of the tank ia deeper 
llinn the oflierH, much of the solid matter selUcg 
artd ia retained <u it, ginng to the bottom by Its 
own weight. The chwnioila deport more of the 
aluilRe as the sewage flows sloiwJy on. A sliidge 
pit ia provided in the center of ench final aettling 
tank, as Shown in Jig. 13. 

The sludge from the «bore pita and from tbe 
first eoinpartment of the precipitation tanks may be 



F'g. 18. Hmged Screen in Se^aise Tank, 

lifted by tJio 4-in. centrifugal pumps through Ihe 
pip«iB shown ill l'"iKs. 15 anil IR nnd (Uncharged 
into the oi^Mtsilf xide for fnrth^T triyttment. l^e 
"primers" of tlii> imtniMi are chnrgeit throng 1-in. 
gnlvanizcd iron pipo from the forci> main descrlbetl 
al>oi'e. tbe puuipa are driTon hy oiigiues Hi^plied 
wiSi sloam froim the tinilcr room. These pnmps 
were made by Arlhnr Van Wie, SyrfWTise. N. Y. 
The slndge can be retnoved finailly fey meaas of the 
bucket, car and tramwny shown in secHon in Pig. 
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16, the tramway being shnnfni extemdiBg the wlhole 
length of the tanks, as shown in Pig. 15. The 
buckets have a capacity of ^ ton, are of steel, self- 
dumping and are raised by differentiial one-ton hoist- 
ing bdocks and tackle, whic4i runs on an overhead 
single-rail ti-amway of one ton caipacity. 

The two dump oars are of iy4-in. boiler iron, one ton 
capacity. The oar trajmway consists of 60-ft. rails 
2 ft. c. to c, dannped to the top of iron beams. . 

Before the sludge is removed from the tanks it is 
rendered less liquid and more easily handled by the 
addition of "German bog," said to come off the top 
of peat beds. This bog comes in bales 2 x 2^^' x 3% 
ft. and is a good absorbent. 

All the sludge which had been removed from the 
tanks from the time the plant was put in operation 
until Sept. 2 was outside the building in a pile on 
that date. Some of it was coiored broiwn by the 
peat, some pink, presuruably by the iron, but much 
of it had the appearance of ordinary lime and sand 
mortar, due of course to the lime used ss a precipi- 
tant and to the further faxjt that much dirt n ad- 
mitted to the sewers through the perforated man- 
hole covers, as stated above. This large heap of 
sludge was perfectly free froan odor, quite as in- 
offensive ais a piile of mortar. Neither w&a there the 
slightest offensive odor anywhi^re about the works. 

This laick of odor, aside from the fact that fresh 
sewage is not the foul matter that many people 
think it to be, is owing to one part of the treatment 
which remains to be described. In Figs. 15 and 16 
the location and eievatioii of two pairs of chlorine 
generators are shown. The gas from these genera- 
tors is carried through perfoi^atenl lead pipes around 
two sides of the tanks below tli » sewage level. This 
deodorizes the sludge and stops decomposition. The 
chlorine is applied only to the kludge but the whole 
volume of sewage might be treated in the same way. 
Chlorine, it may be stated, was considered by a 
cooimuttee apipoiiited by the American Public Health 
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Asflocktioii to mireBtigdte tibe yvbdie subject of did^ 
infection as one of the best known disinfectants. 

The sludge has been remoTed from the tanks and 
the chlorine used about once a month thus far. 
At the works it was stated that it should be re- 
moved once in two weeks. 

1^ tanks may be waited perfectly dean by the 
use of water from a smalil reservoir on the hill or 
by direct pressure from a small duplex Deane pump 
provided to fill the reservoir. This pump also affords 
fire protection for the building. The pump has 10-in. 
steam and 6-in. water cylinders witSi 10-in. stroke. 
A 6-in. suction pipe extends to the river, only a few 
feet distant A 4-in. force main extends from the 
pump to the reserv<M(r on a hiiU near by at a sufli- 
cient elevation to give a pressure of 47 lbs. at the 
works. From the force main a 2-in. galvanized 
iron pipe extends through the building and connects 
by means of 1-in. oast iron pipe with the chlorine 
generators and tanks. Connections are also made 
with all the plumbing where water is needed. Linen 
hose, 200 ft. in length, is provided for. washing the 
tanks and for fire use. 

The reservoir is of stone, cemented, 20 x 10 x 5 ft. 
and, according to the specifications, covered with a 
building and oonnected by an electric indicator with 
the pump room. 

The settling chambers inside the building have 
rolling covers, the wheels running on I-beaims, the 
wheels of one set of covers running oo. the upper 
and of another on the lower fiange of the beam so 
that the covers of one side may be rolled over or 
beneath those of the other (see section in Fig. 13). 
The specifications call for a tackle so rigged that one 
man can roll the oover. No such tackle was in use 
when the writer visited the plant and the covers 
were moved with difficulty. 

The final settling tanks are covered with 8-in. 
brick arches supported by 90-lb. I-beams resting on 
22m* brick piers. Op^nge 6 ft. long aad 12 ft. 
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wide with sliding eorers «are provided in each comelr 
of the covering of these tanks. 

T^e 'bottoms of all the tanks are composed of 18 ins. 
of Portland cement oonjorete. The specifications 
state that all waMs and piers to the height of the 
cross wallis mu«it be laid in Portland cement mortar 
and plastered with the «»ame where brick is used; 
also that the entire inner sfurface of the tanks must 
be covered with two coats of asphalt paint up to 
the co{>ing. Provision has been made for heating the 
building, including the settling tanks, by steam. 

There are two lime tanks, as shown in Fig. 13, 
each of riveted wrought iron, 1% x 2 x 10 ft. There 
are also two 2,000-gallon riveted %-in. wrought iron 
tanks for holding the perchloride of iron. 

A hand hoist or elevator is provided in the chem- 
ical stotrage room (see Fig. 15) for lifting the chem- 
icals to the mixing tnay of the chlorine generators 
and for lifting matermils for storage in the second 
story. 

Fig. 17 is a front eilevation of the bualding which 
covers the plant. The other elevatioois are very 
plain. 

The details of the rolling covers for the tanks 
in the building are shown in section and elevation by 
Figs. 19 and 20. The covers are of tongued and 
grooved Georgia pine some 4 to 5 ins. wide by 2 to 
2^ ins. thick. The cover for one set of tanks rolls 
on the top flange, and those of the other on the bot- 
tom flange of a 12-in. I-beam. 

The method of supporting the rails for the sludge 
tramway ao they will not interfere with the rolling 
of the tank covers, just descdft>ed, may be seen in 
Fig. 21. 

In order that the chemi<cals used as precipitants 
may be admitted to the sewage automatically and in 
fixed proportion, the mechanism shown in Fig. 22 
is employed for the lime and that shown in Fig. 23 
for the perchloride of iron. Bach of these devices 
depends for its action upon the yarTing levels of the 




FIG. 19 CROSS SECTION THROUGH END OF PRECIPITA- 
TING TANK COVER. 
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FIG. 20. SECTION AB (SEE FIG. 19). 
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Fig. 21, . Chiair for Supporting Tramvyay Rail on 

l-Beanns. 
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sewage in a tank wlddi ooutaiiis a float oonnected hy 
a leyer with a cock, all so arranged, as descr'.bad 
below, that the chemicals will be discharged in 
quantities and at intervals as desired. 

Both Figs. 22 and 23 are designed to illustrate 
the principles upon which the mechanisms work and 
not to show their exact arrang^mant at White Plains, 
although thej do very nearly show the latter. 

3?he lime is slacked in the lime tank. Fig. 22. 
Water is added to make a milk of lime which is fed 
into the sewage orer the lip of the lime tank. Water 
is admitted to the lime tank through the pipe A 
\yhich is suppUed from an elevated tank on a hill 
through the pipe B and the feed cock. The water 
tank gives a pressure of 47 lbs. per sq. in. in the 
building. The pipe B is perforated at different 
levels, to cause the water to be discharged horizon- 
tolly in order to sdr up the lime, much of which 
would otherwise remain at the bottom of the tauk. 

The pipGS A and B connect with the casing of the 
cock 0, as shown in the two enlarged sections. The 
cock is inserted in this casing and is provided with 
longitudinal slots at regular intervals on its circum- 
ference, which are so arranged that whenever one 
of these slots oipens against the contracted end of 
the pipe A another will open against the end of the 
pipe B and vice versa. 

The float is connected with the plug in such a 
way that when it rises the cock is not turned, but 
when it falls a pawl engages with a ratchet and 
turns the oock so when the float is half way down 
the slots oome oixposite each pipe and water is dis- 
charged into the lime tank and lime carried over the 
lip into the sewage. If the feed cock was opened 
with the rise of the sewage it is obvious that the 
siLower the flow of sewage the greater would be the 
diacharge of lime. 

The device for admitting the perchloride of iron. 
Fig. 23, is slightly different in that it is designed to 
measure this chemical accurately and to draw it 
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from a storage tank of oonsiderable size. To do 
this the storage tank is oomnected through a three- 
way cock with a small measuring tank placed on 
a lower level. The port of the cock which connects 
directly with the measuring tank is larger tihan the 




Vertical Section through Tanks. 





Se tlons of Feed-Cock. 



Fi^. 22. Automatic feed-Cock fronn L'nfie Tank. 



others and is always open. The third port connects, 
when in the proper position, with a pipe having its 
lower end over the sewage tank. The cock is turned 
automatically by the rise of the sewage so that the 
measuring tank is always emptied wlhen or just be- 
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Vertical Section through Tanks. 




Section of Cock. 

Fig. 23. Automatic Three-Way Cock for Perchloride 

of Iron Tanks. 



fore the float and the sewage are at tihedr highest 
level and at no other time. The sewage \% at its 
highest level just before it is sipihoned front the 
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channber to the large final eettliiig tank, shown by 
the inset in our issne of Sept 22. 

In preparing the perohloride of iron for use, the 
Rtorage tank is first filled abont half full of water, 
the desired amount of the chemical added and then* 
the tank filled full. This melhod is followed to pre- 
vent injury to the Talre. A 60% perchloride of iron 
is used, and two grains per gallon is considered a fair 
amount for ordinary sewage. The perchloride of 
iron is bought from Martin Kalbfleisch Sons Co.. 
New York, for 3^ cts. per lb., or about $4.75 per 
carboy. 

The probable chemical action oau-sed by the addi- 
tion of lime and perchloride of iron to sewage in the 
manner described has been given by Prof. J. H. Ray- 
mond, M. D., as follows:* 

When - the sewage enters the fir«i>t tank it consists 
of: (1) Organic matter in solution. (2) Organic matter 
in suspension. (3) Chlorides. * (4) Sulphurettd hydro;;eii 
and sulphides. (5) Sulphates. (6) Carbonates, includ- 
ing ammonium carbonate resulting from the decom- 
position of urea. (7) Phosphates. (8) Other ngr.dients 

As a result of the addition of the milk of lim^, the 
following changes take place: 

The ammonium carbona e (f^F4)3 COs, is decomposed, 
and ammonia is set free. 

The lime unites with the sulphureted hydrogen to 
form calcium sulphide, CaS. 

The lime decomposes the sulphates, carbonates, and 
phosphates,— calci am sulphate, CaSo4, Calcium car 
bonate , CaCoa ; and calcium phosphate, Css (PO). be 
ing precipitated. As these fall they carry with them 
the suspended organic matters. If magnesia salts are 
present in the water supply which is provided for mov- 
ing the sewage, these will be decomposed, and mag- 
nesium hydroxide will be precipitated. Any iron and 
alumina salts will be decomposed by the lime, with 

 "Treatment of Sewage by Ohlorine, Precipitation 
and Sedimentation." By J. H. Raymond, 'SL D., Pro- 
fessor of Physiology and Sanitary Science, f^ong Islaiul 
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precipitation of the oorrespCMiding hydroxideB. Further- 
more, it is probable that lime has a tendency to com- 
bine with and form insoluble compounds with the sol- 
uble albuminoids. All these would fall with the sludge. 
One of the important reasons for treating sewage with 
lime is to precipitate these suspended organic matters. 
Ihey would, in time, without any chemical treatment, 
subside; but this would require so mach time that before 
it was completed decomposflion would take place, and, 
besides, enormous storage facilities would be neces- 
sary. These <liiflculties are obviated by hastening the 
precipitation by the addition of lime. 

When the supernatant liquid passes into the second 
tank, its composition is, in the main, as follows: 

(1) Organic matter in solution. (2) Chlorides. (3) 
Calcium sulphide and other sulphides. (4) Soluble ox- 
ides and hydroxides of bases, chiefly potassium, sodium, 
and ammonium, formerly combined with sulphuric, car- 
bonic and phosphoric acids, together with the milk of 
lime, calcium hydroxide, Ca (OH)s. which is in excess. 

To this fluid, perchJoride of lion. FegCU, is added, 
and, as the result, some of the soluble organic matters 
are coagulated and some are not affected. 

The chlorides are practically unchanged. 

The calcium sulphide is decomposed and iron sul- 
phide is formed, and some sulphur is set free. 

From the oxides and hydroxides of bases, ferric oxide 
is formed, and the bases are combined as chlorides. 

From the excess of calcium hydroxide, ferric oxide 
is formed, and calcium chloride. 

The effluent practically contains all of the above in- 
gredients in solution, excepting the ferric oxide and 
such of the organic matters as are precipitated; these 
settle to the bottom of the second and third tanks. 

It will be understood that tjhe above is an abstract 
presentation of the case based upon sewage in gen- 
eral and not that of White Plains or any other 
locality; also that it presupposes the addition of 
perchloride of iron after the lime has had time to 
act upon tho sewage. As such it is given without 
further comment. 

In passing from a consideratloa of the use ot 
chemicals, atteiitiion wolj be oolled to the fact fb^^ 
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the lime \9 admitted intermitteiitly to sewage which 
has a continuous flow cind therefore some sewage 
may pass the series of chambers of the first tank to 
the weir over which the sewage flows to the first 
suphon chamber without receiving any direct addi- 
tion of lime. Such setvage would have little or no pre- 
cipitation to this point, but it would have sedimenta- 
tion owing to the slow rate of flow. Sin<!e lime is dis- 
charged each time the first sdX)'ho(n works every dis< 
chatrge of sewage into the final settling tank will 
contain lime, the only question being whether it is 
well mixed with the sewagt*. It would seem pref- 
erable to discharge the lime imto the sewage con- 
tinuously, or nearly so. This might be effected by 
arranging the float and feed cock, Fig. 22, so that 
the water would be discharged into the tank with 
every few inches rise of the float, still maintaining 
a fixed relation between the lime and sewage. Or bet- 
ter yet a constant flow of lime might be maintained 
and the quantity varied to correspond with the vol- 
ume of sewage by slowly passing the latter through 
a rectanjguilar trough containing a lever-float which, 
rising and falling with the volume of sewage, would 
regulate the flow of lime through a feed cock. The 
advantages of having the lime thiopoughly mixed 
with the sewage the moment the latter reaches the 
first tank are obvious. 

The chlorine for deodoaizing the sludge, or for 
treating the total volume of sewage if desired, is 
made from common salt, black oxide of manganese 
and sulphuric acid. The salt and black oxide of 
manganese are mixed, 1 to 1, in a tray above the 
chlorine generators, and washed down into the gen- 
erator with 2% parts of water. The cocks being 
turned to allow the chlorine to i)ass through the pipes 
and into the sewage tanks, sulphuric acid is then 
slowly admitted to the tanks and the chlorine gen- 
erated. Add should be admitted only in sufficient 
quantity to develop a pressure of 2 lbs., the pressure 
being indicated by a gage. A safety water column 
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and safety gage are provided to keep the pressure 
down to 5 Itos., the blow-off pipe from the safety gage 
extending up through the roof of the building. In 
addition the coveirs of the tanks being treated 
should all be tightly closed, and it is well to have 
the windows and doors open. As inhalation of any 
amount of chlorine would be injurious to the nos- 
trils, trachea and lungs, the precautionary measures 
mentioiied are advised on the printed directions for 
the generation and use of the chlorine and tdie safety 
gage is made a part of the plant. In practice, how- 
ever, no trouble witih the chlorine is experienced. 
It is obv&ouis that since the dhlonne is used to disin- 
fect sludge or sewage it will be admitted to the tanks 
only when the perforated pipes are submerged, and 
if the chlorine should pass up through the 
sludge it would at once miake the fact known, 
whereupon the acid could be turned off from the 
generators. In practice it seems probable that a de- 
fiioiency rather than an excess of chlorine will find 
its way to the tanks. It may be added that Dr. 
Raymond, quoted a/bove, favors the introduction of 
the chlorine as the sewage enters, but this would 
mean continuous use, which might prove too ex- 
pensive. 

The capacity of the final settling tank is about 
27,500 gallons and of the small siphon tank or 
chamber which empties into it about 2,000 gallons, 
allowing for the sewage which fiows into the latter 
while it is discharging. 'Kie sewage travels about 
150 ft. in the first or precipitating tank and 50 ft. 
in the final settling tank, making 200 ft. in all. 

The amount of sewage treated at White Plains 
early in September, 1892, was said to vary from 
some 200,000 gallons or under per day to about 
300,000 gallons, or less, for which about one barrel 
of lime and one carboy, 10 to 12 gallons, of per- 
ch loride of iron was being used. 

There were early in September, 1892, about 450 
taps connected with the water- works and about 25(.) 
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sewer coimectionB, which, being taken to yield as 
much sewage as the consumption of water per tap, 
780 gallons, would give 195,000 gall<ms per day 
of natural discharge into the sewers. If the 
aboye figures are all approximately correct only 
a small amount of ground water now finds Its 
way into the sewers. When the plant had 
been in operation only a month, however, It 
is said that the daily flow through the tanks was 
266,000 giallons. At that time tthere were but few 
sf^wer connections and the greater part of the flow 
must have been ground water. The tanks are sunk 
in the old bed of the Bronx Hiver, the rirer having 
been turned when the Harlem division of the New 
York Central R. R. was built, and at first there may 
have been some seepage into the tanks. 

To, operate the plant an engineer and a Uborer are 
required daring the day and a watchman at night. 
About one ton of coal a week is consumed in gen- 
erating steam. The coal costs $6 per ton, delirered. 

The contract price for the purification plant alone, 
without allowance for superintending oonstmction, 
was $50,049. Tliis was increased about $3,000 by 
errors in grade which necessitat^dd the lowering of 
the foundations, but should not be charged to the 
cost of purification. 

At the outlet into the river the effluent was some- 
what clouded, which might have tbeen due, in part at 
least, to the lime used. For several hundred feet 
(lowu the river some of the finer particles of sewage 
were deposited in shallow water having little motion. 
In places these deposits were 3 to 4 ins. deep, bnt 
they gave off little or no odor upon being stirred. 
The deposits may have been the result of improper 
management of the plant, especkilly too infrequent 
cleiuiingH, which, as has already been stated, have 
thus far taken place but once a month. It may be 
that the lime does not become thoroughly mixed with 
the sewage, for the reasons mentioned above, in 
which case in^^erfect precipitation might be expectecL 



In this oonnectlon it should be remembered tiiat in 
confitracting &nd operatmg sewage purification plants 
tibe cooitrolling factor is the degree of purification de« 
sired. This decided, the next question is how to ob- 
tain it at the least possible expense. The large and 
inoffenaiye pile of sludge outside the purification 
building at White Plains witnesses that a great 
amount of pollution has been excluded from the 
Bronx XUyer and reiDdered harmless. The deposits 
ef sewage in the river gave no offense early in 
September, even when stiired, and it is possible that 
the chlorine treatment Ikui to a large extent rend- 
ered the deposits unobjectionAble so far as decompo- 
sition is concerned. 

Sheepshead Bay, N. T. 

The purification plants at Coney Island and 
Sheepshead Bay, the well known seaside pleasure 
and sporting resorts, are each in the town of 
Gravesend, on Long Island. Each plant has been 
built under the direction of the Town Board of 
Health. Sheepshead Bay is not an incorporated vil- 
lage. Coney Island village in 1890 had a population 
of 3,313 out of 6,937 in the whole town of Graves- 
end, so the population of Sheepshead Bay is prob- 
ably 3,000 or less. Both communities have large 
floating populations during the summer. 

The sewerage system at Sheepshead Bay was be- 
gun in 1891 and put in operation about the middle 
of 1892. The separate system is used. Water mains 
are laid by the town in the trenches with the sew- 
ers, ' '^re having been about 13 miles of sewers and 
15 miles of wafer mains in September, 1892. The 
sewers range in size from 24 to 12 ins., and are of 
cement. The pipe was made by Wm. G. Pierson, 
Brooklyn, N. Y. J. J. Powers, C. B., Brooklyn, is 
engineer for the plant, with Mr. Horace Loomis, 
M. Am. Soc. C. E., New York, as consulting en- 
gineer. 

Although the same process is used at Sheepshead 
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Bay as at White Flams the details of constructioii 
are in some respects quite different, which is largely 
caused by the circular plan of the works and the 
fact that it was necessary to construct it on a pile 
foundation. The village is very flat and the sur- 
face of the ground is near the water line of the bay. 
The purification plant is located on marsh land sub- 
ject to tide flooding, near an inlet or creek. 

The 24-in. egg-shaped cement outlet sewer from 
the village comes across the marsh, turns and enters 
tl&e building from the water side beneath the effluent 
pipe to the creek. The low levels and flat grades 
necessitate a deep receiving well from which the 
sewage is pumped to the tanks. The plant is in 
the town of Gravesend. 

In constructing the receiving or pump well a cais- 
son was used. The accompanying sketch. Fig. 32, 
is designed to give a good general idea of the way 
the caisson was constructed. A water jet was usee 
in sinldng the 5x9-in. tongued and grooved sheet 
piling, which was sunk 25 ft. below the "meadow." 

The pile foundations for the main building are 
shown by Fig. 24, on the inset. The sections Figs. 
25, 26, 28 and 29 and the developed section, Fig. 
27, also on the inset, in connection with the descrip- 
tion of the plant at White Plains, show the con- 
struction and arrangement and general operation 
of the whole plant. 

The lime and perchloride of Iron are discharges 
into the sewage while the latter is in the 
pump well, after which the sewage is pumped 
into the tanks. The location of the pumpa 
and their suction and discharge pipes^are shown in 
plan in Fig. 25, section A A. The sewage flows 
as indicated by the dotted line in Fig. 25 and as can 
be better understood by aid of the developed sec- 
tion, Fig. 27. There are no final settling tanks. 

The details of the turntable in connection with 
the tram car and tramway are shown in Fig. 30. 

In order to screen the sewage before it passes to 
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the pumps it is discharged outo the platform screens 
sHowu in plan in Fig. 25 and in section in Fig. 29, 
A length of sheet iron pipe, mounted on rollers, 
shown by Fig. 31, is used to extend the inlet sewer 
so that the sewage may be discharged on the oppo- 
site screen while the first one is being cleaned, 
and yice versa. In practice it ha^s been found that 
one screen answers all purposes. 




.'^"^9 "tonqaed andg'rooyeef 




Fig. 32. Sketch Showing Method of Constructing 

Ca sson. 



Two 50-HP. Wheaton-Harrison safety boilers, 
made by the Harrison Safety Boiler Works, G-er- 
mantown Junction, Pa., are in use. The pumps 
are Deane, one 12, 16, 18-in., rated at 1,500,000 
gallons and tiie other a 16, 22, 24-in,, rated at 3,000,- 
000 gallons dailT*. 
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A 64ii. centrifugal pump, driyen by steam, and 
having a 6-ft. lift, was provided for handling the 
^udgs but it is not used. Sawdust is now mixed 
with the sludge as an absorbent, after which it is 
shoveled into buckets, hoisted from the tanks and 
pushed out in the tram cars as at White Plains. The 
sludge is used to fill in about the bulilding and was 
wholly inoffensive when the writer was at Sheeps- 
head Bay, Sept. 12, 1892, as was everything else 
about the plant. The whole building is heated I>y 
steam and the village water supply is extended to 
the plant. 

The effluent here, as at White FlainS) was 
slightly clouded. This seems to be admissible here, 
as does the omission •f the final settling tank, for 
the effluent goes into a considerable creek of salt 
water. 

Chlorine generators are provided and the gas is 
used in the manner described under White Plains. 

The saturated sand in which many of the sewers 
were laid at Sheepsbead Bay, and also at Ck)ney 
Island, necessitated especial care in preparing founda- 
tions; 6 X 6-in. piles were driven 9 ft. below low water 
mark, 6 ft. c. to c. The circular manholes were used 
where there was plenty of depth and the others in 
sJhallow places. All the 18 and 24-in. cement pipe 
used is egg-shaped, proportioned to give a^ fiow equal 
to 18 and 24-in. circular pipe. The hubs are 2% ins. 
deep.* 

Provision is made for fiushing the sewers from 
hydrants supplied by special fiushing mains. IVIath- 
ews hydrants with 4-in. branches and two 2%-in. 
connections are used. 

Round Lake, N. Y. 

Round Lake is a summer resort on the Dela- 
ware & Hudson R. R. near Saratoga Springs 
which has developed from a camp meeting ground 

^Details of the pipe and manhole foundations arip 
lliven in En^eerlng News for Sept. 29, 180^ 
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with tents for shelter to a collection of cottages 
and other buildings which serve a permanent popu- 
lation of perhaps 400 and a summer population 
averaging 1,500, perhaps, with 7,000 or more people 
on the grounds during some days. The cottages 
and property are owned by the Round Lake Asso- 
ciation, of which Mr. J. D. Rogers is superintend- 
ent, financial and recording secretary. 

Water-works and a sewerage system were built 
in 1887, the sewers having been laid in the 
same trench as the water mains. Money to pay 
for the water and sewer systems was raised by 
subscription and lot assessment. 

A restricted amount of surface water is ad- 
mitted to the sewers in the center of the village 
only. The buildings are so close together that a 
single house sewer serves from two to six build- 
ings, thus reducing the total length of the sewers 
proper. 

The only available water into which the sewage 
could be discharged was Round Lake, close by 
which the buildings are located. Some form of 
purification was therefore necessary. Broad irri- 
gation was out of the question, as a sufficient area 
accessible by gravity could not be secured. An 
area of three acres was chosen for downward in- 
termittent filtration, the location being governed 
by distance from the residence section rather than 
by suitability for the puri)ose. The land needed 
grading and underdraining. As nothing of the sort 
was done except to lay a few lines of tile, of course 
purification was not effected and a nuisance arose. 
It was finally decided to put in a plant for chemical 
treatment and the process of Mr. J. J. Powers, 
G. E., of Brooklyn, was adopted and has now been 
in use four seasons. 

A sectional plan of the purification works is 
shown by Fig. 33 and several vertical sections by 
Fig. 35. All of the plant except the final settling 
tank and the sludge pumps is duplicated. 
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The pit A, Fig. 33, in the first compartment, is 
designed to retain a large part of the sludge. The 
screens S detain all large objects which have not 
settled, there being a s<Teen or stop at the surface 
to intercept floating matter and a mesh screen 
placed across the channel. The sewage passes into 
the siphon chamber GB through the inverted 
trapped overflow O. The siphon SI removes the 
sewage automatically from GB to the long narrow 
chamber C, from which It overflows into D and 
again into L, from which the final siphon SI de- 
livers it into the manhole N. From this manhole 
the effluent passes through a pipe to the lake, 700 
or 800 ft. distant. 

The lime is admitted to the sewage, as it enters 
the first compartment, from the left end of the 
lime tank LI. The perchloride of iron is admitted 
to the sewage before it passes through the first 
siphon, being discharged from the measuring tank 
MT, which is connected with the storage tank CI. 
Both the lime and perchloride of iron are dis- 
charged automatically through feed cocks worked 
by lever-floats, much as described under White 
Plains. For the lime tank a spring tripped by a 
cam on the lever is used instead of thie revolving 
ports used at White Plains and Sheepshead Bay. 

The chlorine generators CH are in a semi-de- 
tached building at the left ventilated by louvers. 

When the precipitating tank AEFGB is cleaned, 
the liquid is first drawn ofl^ into the final settling 
tank through the valves shown in the plan, Fig. 
33, after which the more fluid portion of the sludge 
in the pit A is, or may be, pumped into the other 
side for further treatment by means of the cen- 
trifugal hand pump located at P, in compartment 
E. Provision seems to have been made, also, 
for pumping from the pits H and M by centrifugal 
hand pumps. Such sludge as is not pumped from 
pit A has some absorbent mixed with it (charcoal 
4i;st has been used sox^e of the tfrne) after wl^cb 
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it is shoTeled into an iron bucket, lifted by a dUf er- 
ential hoist and finally conveyed to a cart by means 
of an oTerhead trolley. 

The above description is condensed and the illus- 
trations are taken from an article prepared hy 
Mr. J. L. Fitzgerald, M. Am. Soc. C. E., which 
appeared in "Fire and Water" for Feb. 14, 1801. 
It therefore describes the operations of the plant 
as then practiced. Mr. Fitzgerald states that for 
the two seasons the plant had been in operation, 
1889 and 1890, it had not been necessary to remove 
the sludge from the pits H and M more than once 
or twice in the season; that it was necessary to 
remove the sludge from pit A every four days dur- 
ing the season; that chemicals were not used in 
winter, sedimentation being sufficient for a popu- 
lation of only 400; that for the two years the aver- 
age cost of labor and repairs had been $200 per 
year and of chemicals, $150. 

Aug. 26, 1892, Mr. J. D. Rogers, superintendent, 
wrote us that during the past season lime and 
perchloride of iron had been used, but that chlo- 
rine, had not been used, because a cock could not 
be obtained that would "hold out against the cor- 
rosion of the chemicals more than a few weeks**' 
after which it became dangerous. The plant had 
been run very well without the chlorine and the 
cost of its operation had thus been lessened. The 
cost of running the plant for 1892, Mr. Rogers 
stated, would be about $150, including chemicals 
and labor, while the resulting fertilizer would be 
worth about $30. Doubtless no extra labor is em- 
ployed to operate the plant. In fact no labor is 
needed except for cleaning when a laborer or two 
employed about the grounds can do all that is 
necessary in a short time. 

In criticising the plant Mr. Fitzgerald, in the 
article referred to, states that its most apparent 
defects are insufficient depth and area of the tanks 
and lack of thorough mixture of the lime with the 
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sewage. The latter criticism coincides with that 
made regarding the plant at White Plains. Mr. 
Fitzgerald speaks of the rapid corrosion of the 
valvfes and wearing surfaces by the chemicals and 
says the use of chlorine gas as a disinfectant 
and germicide is the chief point of merit of the 
plant. If the latter statement be true it seems 
a pity to give up the use of chlorine to save the few 
cocks which might possibly be spoiled in a season. 
It may be added that chlorine is used at White 
Plains, Coney Island and <Sheepshead Bay, where the 
cocks must be as badly corroded as at Round Lake. 
The plans for these works were prepared by Mr. 
Wm. B. Landreth, M. Am. Soc. C. B., and the 
work carried out under the direction of Mr. J. 
Leland Fitzgerald, M. Am. Soc. O. B., both of 
Schenectady, N. Y. At the time the work was 
done these men were associated under the firm 
name of Lamdreth & Fitzgerald. 

Coney Island, N. Y. 

The sewage purification plant at Coney Island 
was first operated during the summer of 1887. 
At this plant the same process is used as at White 
Plains, Sheepshead Bay and Round Lake, but 
the details are simple, as the works at Coney 
Island were built first. 

The extremely unsanitary condition of Coney 
Island in and prior to 1885 was reviewed at 
length by Mr. W. P. GTerhard, C. E., in Engineer- 
ing News of Sept. 19 and Oct. 3, 1885. The con- 
dition there described must have grown worse until 
1887, but since the sewerage system was construct- 
ed the sanitary improvement of the village has been 
great, especially since the erection of a garbage 
crematory in November, 1888. At present the 
sludge from the chemical precipitation plant is also 
burned in the crematory, rendering Coney Island 
unique among American cities in the disposal of 
its wfuttes. 
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For a full understanding of the unsanitary con- 
dition of Coney Island prior to the introduction 
of sewers the reader is referred to the two articles 
mentioned just above, which may be summarized 

as follows: 

For many years the large summer hotels dis- 
charged their sewage into the surrounding salt 
water and the occupants of cottages and other 
small buildings used privies built over holes in the 
sand. These privies were sometimes moved and 
the pit filled with sand. Slops and kitchen 
waste were thrown or discharged on top of the 
ground. Gradually the beaches, bays and creeks 
became fouled with sewage. The fine sand of the 
island was not capable of rendering inoffensive 
the wastes it received and finally intolerable nuis- 
ances arose. 

The large hotels were, naturally, first in at- 
tempting to improve their sanitary surroundings. 
Mr. J. J. Powers, 0. E., of Brooklyn, the owner 
of the patents already described in these articles, 
states that as early as 1880 he put in a 
simple precipitating plant for the Brighton Beach 
hotel and at the same time, or later, a similar 
plant for the Brighton Beach Bathing Pavilion. 

Mr. Gerhard describes the hotel works as two 
covered wooden tanks, each about 25 ft. long, 7 ft. . 
wide and 3 ft. deep. Each tank was in two com- 
partments. The first compartment had a screen 
and was designed to retain large solids. The sew- 
age overflowed through a T into the second tank, 
where porchloride of iron was automatically ad- 
mitted through a cock operated by a lever-float. 
A siphon emptied the second tank as soon as filled. 
Lime or gypsum and powdered charcoal were mixed 
with sludge to deodorize it before removal. It was 
then piled upon the meadows and at times was 
used for the hotel lawns. A pile of sludge found 
by Mr. Gerhard in August, 1885, he states, was in- 
offensive. The effluent from the tanks, however, 
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he considered as imperfectly treated and as coll* 
tribnting to the pollution of the water which re- 
ceived it. The tanks were located about 1,000 ft. 
from the hotel and the efSluent was discharged 
through a long pipe into Coney Island Greek. 

The Manhattan Beach and Oriental Hotels and 
other buildings on Manhattan Beach belonging to 
the Manhattan Beach Improvement Co., had, in 
1885, a joint sewer outfall discharging into a cove 
of Sheepshead Bay after mechanical separation of 
some of the solids. This separation was effected 
by passing the sewage through two long wooden 
boxes, for. alternate use, near the end of which 
were two -wire screens, the first having 1% and 
the' second i^-in. ;meshe8. From the end of, these 
boxes the partially clarified sewage passed through 
a T-shaped overflow into the bay. The solid matter 
retained by sedimentation and screening was re- 
moved from the boxes, after gypsum and charcoal 
had been mixed with it, and spread upon a dock 
to dry. After drying, some of the sludge, it is 
stated, was used to fertilize the lawns about the 
hotels. I 

Mr. Gerhard states in his article that»' while this 
process removed some of the solid matter, the efflu- 
ent still fouled the bay. The sewage from these 
buildings is still treated by a separate plant owned 
and operated by the Manhattan Beach Improve- 
ment Co. The present plant, however, was built 
by Mr. Powers and is similar to the last three 
described in this series. 

The necessity for a thorough sanitary reform at 
Coney Island led to the past^ge of an act by the 
New York Legislature in 1884, empowering the 
Board of Health of the town of Gravesend, of 
which town Coney Island is a part, to construct 
sewers and dispose of the sewage of any district 
of the town upon petition of a majority of the 
property owners of the district. 

Before a system of sewage disposal was decided 



1« 

ttpon competitiTe plans were invited. The plans 
of Mr. Powers were selected by the board and were 
afterward approved by Mr. Robert Van Buren, 
M. Am. Soc. G. E., of Brooklyn. The Coney Isl- 
and plant was put in operation in 1887. 

The plan and longitudinal section, Figs. 35 and 
36, show the general arrangement and operation 
of the plant before the use of lime was begun, 
about a week ago. Lime is now added to the sew- 
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Figr. 35. Sketch Plan of Sewage Pur ficatlon Works 

at Coney Island, N. Y. 
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Fig. .36. Longitudinal Section through Tanks and 

Pump Well. 
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age as it enters the first tank. Perchloride of iron 
has been used from the start as a precipitant and 
chlorine as a deodorizer, as described in previous 
issues. The first year the works were operated 
the sludge was loaded into a scow, the works being 
close by Coney Island Creek. For the last few 
years the sludge has been burned in the crematory 
at the end of the building, shown by plan. Fig. 36. 
An overhead tramway is provided for moving the 
sludge after it has been shoveled from the tanks 
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into buckets. Mixing with sawdnst is employed to 
take up the moisture in the sludge and render it 
more easily handled. This also assists combustion, 
but is not at all necessary for that purpose. The 
two illustrations are intended as sketches, merely, 
scale drawings not being available. 

Two 24-in. trunk sewers join into a 30-in. inlet 
pipe near the works. One of these sewers has a 
grade of 1 ft. in 1,500 ft. and the other 1 ft. in 
2,000 ft., owing to the flatness of the island. The 
separate system of sewers is used, but a little roof 
water is admitted. Two Davidson pumps are pro- 
vided to pump the sewage after treatment and dis- 
charge it through an effluent pipe into the creek 
or bay. There are two 50-HP. Wharton-Harrison 
safety boilers. 

The crematory in which the sludge, in addition 
to the garbage from the town, is burned, was made 
by the Engle Sanitary & Cremation Ck>., of New 
York and Des Moines, la. The Board of Health 
collects the garbage and employs two men at the 
crematory, one for night service. In July and the 
first two weeks in August of this year an aver- 
age of 100 bbls. of garbage were burned daily re- 
quiring about 1^ tons of coal per day. The crema- 
tory is run only during the summer months. 
Everything about the purification works seemed 
in good shape and was wholly inoffensive when 
visited on Sept. 12, 1892. A marked improvement 
in the waters of the creek and bay is said to have 
been effected by the sewerage and sewage dis- 
posal systems. 

Coney Island, it seems hardly necessary to say 
in concluding, is a popular seaside summer resort 
a few miles from New York and almost adjoining 
Brooklyn. Its summer boarders and visitors com- 
bined doubtless exceed 100,000 for a few hours 
during some days. Its population in June, 1890, 
according to the Eleventh- Census, was 3,313, 
against 1,184 ten yean earlier. 
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Mr. John Y. McKane is President of the GrraTes- 
end Board of Health and Mr. I. G. Ring, is Engi- 
neer and Superintendent of Sewers and Water, 
a system of water-works having been built by the 
board in 1888 to flush the sewers. 

East Orange, N. J. 

The East Orange chemical precipitation and in- 
termittent downward filtration plant for the puri- 
fication of sewage was fully described in Engineer- 
ing News of Jan. 5 and 19, 1889, and Feb. 15, 
1890. 

A brief description of the methods employed 
will be repeated before giving later information 
regarding the works. 

East Orange is a suburb of New York with a 
population by the census of 1890 of 13,282, the 
township having grown to this size from a popu- 
Ifition of 8,349 in 1880. The present population is 
probably not far from 14,500. 

The sewerage system was completed ready for 
house connections in the spring of 1888. 

ITie sewage receives, and has thoroughly mixed 
with it at the disposal works, lime and sulphate of 
aTTtTninr. It then passes to settling tanks where 
mucfi of the solid matter is retained and from 
which, after passing upward through a small 
amount of coke, the more or less clarified liquid 
flows to the filtration area. This area includes 
14.7 acres, all underdrained. some of it beine in 
beds 100 ft. long by 50 ft. to 100 ft. wide and the 
remainder having shallow furrows running in one 
direction 4 ft. apart, from which the sewage soaks 
into the land on each side. The filtration area 
being restricted in size, by local conditions, and 
the soil being of a retentive character it has been 
supplemented by small artificial beds of coke and 
gravel. 

,The sludge is drawn from the tanks, when the 
latter are cleaned, to a sludge well from which it 



It5 

is conveyed with the aid of air under pressure to 
Johnson filter presses and made into cakes. 

The sewerage ' system and di8i>osal works were 
designed by Mr. C. P. Bassett, M. Am. Soc. C. E. 

On Nov. 24, 1892, the writer visited East Orange 
and obtained the following additional information 
from Mr. John J. O'Neill, Township Engineer, who 
has charge of the sewerage and sewage disposal 

systems: . 

There are now about 33 miles of sewers and 
1,685 connections. There have been put in place 
more than 60 flush tanks, but, owing to a scarcity 
"of water in the summer of 1892, many (nearly all?) 
were cut off, since which the sewers have been 
flushed by plugging up for 24 hours or so. For- 
merly the water company charged the township 
$20 for making a connection with a flush tank 
and $25 a year for water, but under a recent con- 
tract water for flushing is furnished without 

charge. 

The daily flow of sewage is about 1,200,000 
gallons, which is less than it was two yeai-s 
ago. The decrease is said to be due to the fact 
that the leakage of ground water into the sewers 
is decreasing. This leakage has in the past been 
estimated as equal to the total amount of sewage 

proper. 

The chemicals used as precipitants have always 
been lime and sulphate of alumina. The amount of 
chemicals per gallon of sewage now used could noi 
be ascertained, but in 1890 it was given as 3 
grains of lime and 2 of sulphate of alumina per 
gallon. Mr. O'Neill states that about 5% more 
per gallon of the chemicals is used than at the 
time of the report of the Town Improvement So- 
ciety, Feb. 2, 1891, which stated that one barrel 
of lime and 300 lbs. of alumina, at an expense of 
about $0 per day, were used, the average amount 
of sewage treated at the time having been esti- 
mated at 1,330,000 gallons. 



The lime is l)ought of a local dealer at 95 cts, 
per barrel, delivered at the works. The sulphate of 
alumina costs about 1^ cts. per lb., at the works, 
and is bought by the carload of Harrison Bros. & 
Co., New York. A porous alum has occasionally 
been used which costs 2% cts. t»er in., but is said to 
be more efficient than ine suiphate of alumnia. 

The chemical character of the sewage is quite 
constant, oxcept as affected by ground water. 

All of the sewage passes upward through a body 
of coke some 2 ft. 5n diameter and 4 or 5 ft. deep 
before passing onto the filtration area. This coke 
is renewed twice a week and is independent of 
beds of coke and gravel located in the midst of 
the filtration field which are used for downward 
filtration. 

The sewage is put upon one tract of land for 
from 6 to 8 hours after which this tract has 36 
hours rest. 

Mr. O'Neill wrote under date of Nov. 26, 1892, 
that the cost of operating the disposal works for tue 
nine months from Jan. 1, to Oct. 1, 1892, was 
$3,935 for labor and $2,146 for chemicals, coal, oil, 
canvas (for the filter press), sundries, repairs, etc. 
This makes a total of $6,080, which is at the rate 
of about $676 per month, or about $8,100 per 
year. 

Appending the above cost of operating the dis- 
posal works for the first nine months of 1892 to 
the figures given in the report of the Town Im- 
provement Society, we have the following operat- 
ing expenses for the periods named, with tne 
monthly averages for the same periods: 

Average 
per 
_ , ^ ^««« ^ ^ ^ ^^ For period, month. 

July 9, 1888. to Feb. 28, 1889 $3,936 $562 

Mar. 1, 1889, to Feb. 28, 1890 8,950 746 

Mar. 1, 1890, to Jan. 2, 1891 8.815 881 

Jan. 1, 1892, to Oct. 1, 1892 6,080 676 

On a basis of 14,500 population, the average 
po^ pier y&o,r per inhabit&nt for dperatiug the di«- 
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posal works during the first nine months of 1892 
was about 56 cts. What degree of purification 
has been attained this year cannot be stated, but 
it is certain that no serious complaints have been 
made and the works, including the filtration area 
and the brook which receives the effluent, appeared 
to be in excellent condition on Nov. 24, 1892. Twice 
within a short time the writer has passed through 
the street upon which the filtration area abuts 
and close by which the chemical works are sit- 
uated, without detecting anything to betray their 
character. The decreased cost of operating the 
works this year is said to be due to obtaining 
greater efficiency from the labor and not to using 
less chemicals. 

The writer found the effluent as it was discharg- 
ing into the brook to be somewhat cloudy but odor- 
less* To the eye it appeared about like the effluent 
from the chemical precipitation plants described 
in this series of articles, but not as good as the 
effluent from the intermittent filtration plants 
visited. 

The force at the works now includes a foreman, 
engineer and five laborers, one man being employed 
at night. The tanks are cleaned three times a 
week after which their sides are whitewashed or 
treated with some other disinfectant. The scum 
boards between the first and second compartments 
of the tanks, the attendant stated, did not float 
readily, as intended, and are now kept stationary 
at about 2 ft. from the bottom. 

The JohTi««>ii filter press is shown by t.h« ac- 
companying view, Fig. 44. The sludge cakes from 
the press have an average thickness of fully 1 in. 
and a diameter of about 25 ins. There are about 
35 cakes to each pressful and the attendant stated 
that the press is filled six or seven times a day. 
The sludge cakes are generally drawn to the town- 
ship poor farm and there buried or disposed of 
otherwise. Farmers do not seem to wish the 
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sludge, although it has been offered free for the 
carting away and some has been so taken. It is 
stated that some sludge has been sold at 50 cts. 
per load, but the amount is small. The sludge 
has been burned in a small furnace ventilated to 
the boilers, but objections were made on account of 
the odors, more probably fancied than real. 

Both the attendant and Mr. O'Neill stated that 
there has been no trouble at the works from frost 
but the report of the Town Improvement Society, 
mentioned above, states: 

A visit during the recent cold spell convinced the com- 
mittee that the frozen ground prohibited any filtra- 
tion through it, while the coke beds can be worked 
under all conditions of weather. 

Sand and soil works its way into the under- 
drains and is removed at the junction 'of lateral 
and main drains through a vertical length of sewer 
pipe. 

Long Branch, N. J. 

Long Branch is a well known seaside summer 
resort. The population of the town in 1890 was 
7,231, against 3,833 in 1880. A public water sup- 
ply was introduced in 1877 by the Long Branch 
Water Supply Co. A sewerage system was put 
in operation in 1886 by the Long Branch Sewer 
Co., under a franchise granted by the town which 
provided that no objectionable matter should be 
discharged into the adjacent water. In order to 
discharge sewage into the ocean at the beach a 
system of mechanical separation aided by chemical 
precipitation was adopted, as described below. 

On Dec. 1, 1892, there were in use about ten 
miles of sewers, over 400 connections, 118 man- 
holes, all ventilated by 12 1-in. circular holes in 
the covers and provided with buckets below to 
catch the dirt from the dirt roads of the town. 
There are no flush tanks. 

At dead ends the company has until recently 
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connected rain water leaders to tbe sewers frse of 
charge, but in the future a charge equal to one 
half the charge for an ordinary seryice connection 
will be made. In all about 100 rain water leaders 
have been connected with the sewers, those not 
on dead ends bringing in the reyenue just men- 
tioned. In this connection it may be added that 
the company's franchise provides that the yearly 
rental for sewer connections shall be two mills on 
the dollar on the assessed valuation of the prop- 
erty. Recently the town authorities passed an 
ordinance relating to houses occupied by more 
than one tenant, which provides that the yearly 
charge may increase directly with the number of 
tenants. 

Aside from the rain water admitted to the 
sewers the separate system is used. 

The sewage is all brought to a station located 
on Long Branch Ave., near Second Ave. The sta- 
tion is surrounded on all sides by idiops and dwell- 
ings. A by-pass is provided to permit the sewage 
to be passed around the station, directly to the 
tidal chamber and . ocean. During heavy rains in 
the winter season no attempt at purification is 
made, the sewage parsing directly into the ocean. 
At all other times, it is stated, the sewage is 
treated. 

The arrangement and operation of the purifica- 
tion works is shown by Figs. 50 to 53. As will 
be seen by the plan, Fig. 50, there are two receiv- 
ing tanks, duplicates. These are constructed of 
concrete and are used alternately. Alum is ad- 
mitted to the sewage before it enters the tanks. 
The sewage then passes beneath planks on edge, 
over walls, through submerged arches and finally 
over a wall to and through coke filters placed verti- 
cally, the flow being eontinuous. The coke is con- 
fined in removable wire cages 5 ft. deep and 1 ft. 
wide and the sewage passes through two 
of these, or horizontally through 2 ft of coke. 
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The coke i» renewed once » year. Donbtleis it 

waa originally intended that the coke Bhoald be 
renewed oftener. Ite only purpose is to serve as 
a strainer. The coke for each renewal costs 
about f2. 




FIG. 50. PLAN AND SECTION OF PURIFICATION 
WORKS. 

About 75 Ibi. of ainm per day, mixed with water 
in a fiOO-gallon tank, are nsed. It is said that 
about Qua amotmt has been nsed daily since the 
works were put In operation. "Ot* ainm cost* 
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about 1^ cts. per pound, with freis;ht from New 
York in addition. 

Lime is used for treating the sludge only. The 
lime and alum mixers are shown in Fig. 50. 
**Sanitas'' is used as a disinfectant about the sta- 
tion. 

The sludge is removed by means of the apparatus 
shown in plan and section in Fig. 51. Fig. 52 
is a photograph of the same apparatus which also 
shows the alum mixer. This apparatus includes 
an air compressor and vacuum pump, a low pres- 
sure air receiver, sludge receiver and Johnson 
filter press for pressing the sludge into solid cakes. 
In operation the air is exhausted from the dludge 
receiver, after which the valve in the pipe leading 
to the bottom of the sludge pit is opened and the 
sludge passes into the receiver. A float at the left 
indicates when the receiver is full. Lime is .ad- 
mitted to the sludge just before it enters the re- 
ceiver. With the aid of the compressed air the 
sludge is forced from the sludge receiver into the 
cells of the filter press and there by the action of 
the compressed air the liquid is pressed out and 
the solid matter compacted into cakes. 

At TiOng Branch the sludge is dropped from the 
filter press into the sludge car, without an, effort 
to remove the cakes intact. The press has a capa- 
city of 24 cakes but only 20 cells are now in use. 
A full press is said to contain about 21 cu. ft. of 
sludge. The sludge is given to one of the directors 
of the company and used on his farm. In summer 
the sludge is said to be removed once in three or 
four weeks. The ofiicers of the company state 
that during the remainder of the year it is diffi- 
cult to get enough sludge to show visitors the 
working of the sludge apparatus. 

The small amount of sludge, the officials state, 
is explained by the fact that many sewer connec-. 
tions are made with cesspools, which retain solid 
matter. 
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The sewage tanks were originally covered and. 
were ventilated to a small furnace at the side of 
the boiler chimney, where tar was burned. The offi- 
cials state that the perforated manhole covers 
afford all necessary ventilation. Therefore the tank 
covers have been removed and the ventilating fur- 
nace is not used. The effluent is pumped by a 
6-in. Weber centrifugal pump, said to have a capa- 
city of '600 gallons per minute. The pump is 
driven by a 20-HP. Westinghouse engine. The 
pump, engine and boiler were furnished by the 
Westinghouse Machine Co. All the other ma- 
chinery was furnished by S. H. Johnson & Co.^ 
Stratford, England. No pumping records are kept 
and the amount of sewage treated is unknown. 

The cost of operating the purification plknt could 
not be obtained from the company, but it was 
found that one man is constantly employed at the 
station' and that for four months in the year an 
assistant is employed* In addition a helper is oc- 
casionally employed. At 75 lbs. per day the total 
amount of alum used in the year would be a little 
over 27,000 lbs., provided it was used every day. 
But during heavy rains the sewage is not treated. 
Probably not more than 25,000 lbs. of alum is used 
in a year, the price in New York, as given above, 
being about 1% cts. per lb. 

The expense for lime and disinfectants must be 
light. Coal cannot be a great item, fop the lift 
of sewage by the pump is small and the air com- 
pressor and vacuum pump is not often used. The 
officers of the company, with the exception of the 
secretary, do not have a salary. A 4% dividend 
has been declared recently. 

The station is something over 2,000 ft. from the 
point where the effluent is discharged into the 
ocean. The effluent first passes through .1,200 ft. 
of 24-in. vitrified pipe which ends in a masonry 
chamber beneath the street, 400 ft.. long, 8 ft. wide 
and with an average hdght of between 3 and 4 ft A 
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longitudinal and transverse section of this chamber 
is shown by Fig. 53. There is a manhole at each 
end and at the lower end there is a gate, operated 
by a rack and pinion, to control the outlet pipe. 
This chamber was designed to serve as a tidal 
chamber to allow sewage to be stored for dis- 
charge at ebb tide. The officials of the company 
state that quicksand was encountered in the con- 
struction of the chamber which prevented its being 
curried to the full proposed depth. Its capacity is 
only about 75,000 gallons and no use is made of it, 
purified sewage flowing through it constantly to 
the sea. 
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FIG. 53. SECTIONS THROUGH TIDAL CHAMBER. 



The engineer of the sewerage system, Mr. 0. P. 
Bassett, M. Am. Soc. 0. E., states regarding the 
constpuction of the tidal chamber that "the original 
intention was never carried out by the company 
because of the expense, which was felt to be un- 
necessary." 

From the chamber 1,200 ft. of 24-in. vitrified pipe 
extends to the beach and some 250 ft. of 10-in. 
wrought iron pipe across the beach and out into 
the sea. This wrought iron pipe is now protected 
by a jetty of piles driven 25 ft. deep. The pipe 
at the outlet turns down with an elbow 4 ft. long. 

The cost of the lot and building used as a station 
Is giiriBn as |d/X)Oi ai^d the cast of ther n»^cib|Qe]7 
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as $5,000. The tidal chamber is said to have cost 

$30,000. 

The discharge of the effluent iato the ocean is 
said to have given rise to no complaints. The efflu- 
ent at the station was quite cloudy, as would be 
expected where only partial purification is at- 
tempted. 

The writer visited the plant on Dec. 1, 1892, and 
obtained from the officials most of the information 
given. The balance of the information has been 
taken from a short description of the purification 
plant, prepared by the engineer, Mr. C. P. Bassett, 
M. Am. Soc. 0. E., and published in the report of 
the New Jersey State Board of Health for 1887. 
Mr. Bassett also furnished the matter for the illus- 
trations. The officers of the company are as fol- 
lows: Secretary, Wm. R. Warwick, Jr.; Superin- 
tendent of Construction, R. O. Adamson; Treasurer, 
R. V. Breece: President, Chas. P. McFadden; 
Vice-President, Wm. W. Conover. 

The Mystic Valley Works. 

In the summer of 1878 the city of Boston, under 
the direction of the Water Board, constructed over 
four miles of main and branch sewers in the 
valley of the Mystic River to divert the sewage of 
several tanneries and some house drainage from 
the Mystic Lake, from which water is drawn to 
supply a division of the Boston water-works, to 
the lower Mystic Lake. 

Towns adjoining the lower lake complaining that 
the sewage discharged into it was a nuisance, leg- 
islation was obtained in 1881 which compelled Bos- 
ton to purify the sewage. After some ^elay, a 
system of sedimentation and partial filtration 
through a trench in gravel was installed. This, 
even after enlargement, having proved unsatisfac- 
tory, as did experiments with a Farquhar me- 
chanical filter, the Boston Water Board, in 1887, 
instructed Mr. Wilbur F. Learned, 0. B., to expert- 
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tnetit and report npon chemical treatment of tke 
sewage. 

The precipitation works were put in operation in 
the latter part of 1888, and are described in the re- 
port of the Boston Water Board for that year as 
follows: 

The new settling tanks have been completed, and 
are in snccessful operation. The works cous'st of a 
pump well connected by a brick sewer with tbe miin 
' sewer, a sewage pump, an engine, an engine bouse, 
four settling tanks, a sludge well, a sludge pump, 
and a series of settling basins for receiving the 
sludge. 

In the engine bouse are three vats, so arranged that 
the precipitant Is fed to the sewage from onfe vat 
placed lower and between the other two, in which the 
precipitant Is dissolved; each vat Is provided with a 
steam pipe for heating the water used, and with an 
appliance for stirring, which is run from the engine. 

After the precipitant is fed to tbe sewage It is raised 
by pumping to the settling tanks, where, after a tank 
is filled, it is allowed to settle for about three hours. 
The clarified liquid is then drawn off by means of nar- 
row stop planks, which are removed one by one. At 
this season of the year (winter) the tanks can be 
filled six times before it is necessary to remove the 
deposited sludge. This Is removed through sluices 
which connect with a sludge well placed in the middle 
space between the four tanks. From this sludge well 
the sludge is pumped into a fiume, by which it is car- 
ried to the settling basins. 

The average flow of the sewer is about 400,000 gal- 
lons in 24 hours, 75% of which is between 8 a. m. and 
8 p. m. After 12 p. m. the flow from the sewer Is 
practically clear water. 

The results of several experiments show that 1 
volume of sludge is deposited in the tanks to 30 vol- 
umes of sewage received. The sludge contains abaut 
4 parts of dry solids to 90 parts of water; the water 
disappears in the settling-basins, and we have re- 
maining a product suflaciently dry to be easily handled, 
and containing 4 parts of solids to 12 pai*ts of water. 
On this basis the amount of "dry product** would be 
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10 en. yds. daily. The cast of the works. Including 
the preparation of the settliBg basins and Incidentals, 
was $10,410. 

The operation of the works for the three years 
1889, 1890 and 1S91 is shown in detail by the fol- 
lowing figures: 

OD • Snlpbate <C 

'g S I of alumina ^ „• 



«0 
ft 



a ^ ff. 



ST- a ^^ • °®«»c) af'g' « 

1889...... {^9.882.850 SOS 324,000 403,^0 2.02 162 

1890 119,119,670 335 355,500 32:^,650 1.36 2,611 191 

1S91 119,404,000 356 335,400 303,780 1.27 2,151 ♦! 95 

*Abont. 

In 1891 most of the sludge was carted away by 
a farmer for use as a fertilizer. 

Further information regarding these works may 
be found. in the reports of the Boston Water 
Boaa:^, and in a paper by Mr. W. F. Learned, C 
H., entitled "Some Facts About the Chemical 
Treatment of Mystic Sewage," in the "Journal of 
the Association of Engineering Societies" for July, 
1888, from which the above has been taken. Mr. 
Learned's paper consists chiefly in preliminary ex- 
periments made to secure the data for guidance in 
designing the plant. 



SEWAGE PURIFICATION AND STORM AND 

GROUND WATER. 

A new impetus seems likely to be given to the 
separate system of sewers by the present movement 
for the purification of sewage, which renders neces- 
sary or desirable the exclusion of ground and storm 
water from sewerage systems. 

At Marlborough, Mass., as shown elsewhere in 
this work, the daily flow of sewage equaled the total 
4<^l7 oonsii^mptioji of water at a tin^e whej^ the x^\w 
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ber of sewer connections was less than on^fifth the 
number of water connections, or taps. Tliis was in 
dry weather. After heavy rains the volume of sew- 
age was about double the consumption of water. 
The admission of ground water to the sewers is the 
only explanation of these facts. 

The ground water at Marlborough has not given 
trouble as yet, and need not in the future, provided 
available land is brought into use for the intermit- 
tent downward filtration there practiced. The dan- 
ger, at Marlborough and elsewhere, is that no' allow- 
ance having been made for ground water at the 
start its admission to the sewers will overtax the 
capacity of the disposal plant provided. Thus the 
sewage will not be thoroughly purified. Where filtra- 
tion or broad irrigation is used for purification an 
excess of sewage may keep the ground so constantly 
water-soaked that its efficiency will be entirely de- 
stroyed, the land never having a chance to rest or, 
literally, to breathe. It is evident that if the inter- 
stices of the filtering material are constantly fillea 
with water the air must to a large extent be ex- 
cluded. This retards or stops the process of nitri- 
fication by which the harmful organic matters in 
the sewage are changed to harmless inorganic sub- 
stances. 

Chemical precipitation plants may be overtaxed 
by the admission of ground water to the sewerage 
system, as is the case at East Orange, N. J. There 
somewhat elaborate machinery and subsequent fil- 
tration are employed, and an increase in the vol- 
ume of sewage to be treated is not merely a matter 
of adding more chemicals, but requires a more 
capacious plant. 

At Worcester, Mass., the volume of sewage wa» 
originally far in excess of the original capacity 
of the purification plant, which has since been 
enlarged. This excessive amount of sewage 
was doubtless caused by both storm and 
ground water, although it w attribute 1:0 
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storm water alone. The eventual outcome of 
the difficulty at Worcester will doubtless be the sep- 
aration of the storm water and sewage. Quite a 
step in this direction can be made by diyiding the 
present outfall sewer into two channels, as is pro- 
posed. This outfall was originally a brook of some 
size, and still receives all the natural drainage to 
the brook. Sewage was turned into the brook before 
sewage purification was proposed, and separation can 
be ef^ted only at a considerable expense. The 
brook has been turned into a closed chann^ through 
a part of its length. 

When sewage purification is adopted in cities like 
Worcester, where the combined system is in use, as 
is the case in nearly all cities and towns of size, the 
problem of excluding storm and ground water is a 
serious one. Where sewers are being introduced 
separate systems can be used, end efforts can be 
made to exclude ground water. 

Underdrainage may sometimes be effectively em- 
ployed to overcome the difficulty, but the same cause 
wMch reoders sewage purificatiooi necessary may 
make underdrainage inadmissible, as is well illus- 
trated by tbe sitoatkm at Marlborough. At this 
place, OS stated elsewhere, the city of Boston con- 
tributed to the expense of the sewerage system in or- 
der to remove and exclude the sewage from its water- 
supply. On the ground that a sewer pipe which 
would admit ground water would also admit sew- 
age, Boston refused to allow underdrains, the town 
proposing, it would seem, to discharge the under- 
drainage into the same stream as the sewage had 
been excluded from. If the underdrainage were to 
be conveyed to the disposal plant, then it might as 
well be carried in the sewers as in underdrains, un- 
less it was desired to lower the level of the ground 
water beneath the sewer line. 

At South Framingham, ]\iass., Boston refused to 
contribute toward the expense of the sewage purifi- 
p^tion plant because underdrains had been p^t m. 
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for a part of the sewers, although none were pro- 
posed in the plans approved by Boston. 

In an old town where cesspools and privies 
have been used for many years it is evident that the 
underdrainage, after the introduction of sewers, 
would be somewhat polluted, until the ground had 
become purified through the operation of nature. 
Therefore it might be desirable to exclude the 
ground water, when collected in quantity by under- 
drains, from any stream used for drinking purposes. 
In such cases it might require purification, and from 
this point of view its admission tx> the sewers would 
not be objectionable. But as has been said, sswers 
that will admit groundwater will emit sewage, which 
is highly undesirable, and for this reason sewer 
joints which will not leak are needed. 

Thus far only the inefficiency of purification plaiits, 
as caused by storm or ground water, has been men- 
tioned. Inefficiency can be avoided by constructing 
sufficiently large plants, but only at an increased 
expense for construction and operation. 

Sewage pumping plants and long lines of outfall 
sewers, it may be added, are also rendered more 
costly by the admission of either storm or ground- 
water. 

From what has preceded it is evident: (1.) That 
all storm water should be excluded from sewerage 
systems where purification is uaed. (2.) Ground 
water should also be excluded, provided it does not 
itself need purification. (3) All possible care should 
5e taken in the laying of any eewer pipe and espe- 
cially that in connection with sewage disposal plants 
to provide agaasist leaky joio/ts or cracks in the pipe 
through settlement or other causes. If there are any 
defects in the pipe itself attempts should be made to 
remedy them. (4) It may well be added that more 
data is needed to enable efngineers to study the 
ground water problem ivitlh t^e cfl,re Tflnch it de- 
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